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A.  Orova  und  P.  Oaibe — "  Deternunation    niirt    Registration  of   the 

Charge  of  Accamulaton"        

Tsoheltiow— "The  Thenno-cheinical  Btndy  of  Accnjnalator* " 
Blavier — "  Influence  of  Stonns  on  Babterranean  Telegraph  luoes  "  ... 

GiraurWOellerttt's  Electric  Road-Koller"        

J. 'Wybauw—"  A  Photometair  for  Electric  Light"*         

J.  Trowbridge— "A  Standard  of  Light" 

O.  Lippmann — "An  Arrangemeiit  which  permits  of  arriying  ftt  the 

Magnetic  Potential  of  a  Byatem  of  Bobbins  withoul  Calculation" 

B.  'WroblewBki— "  HeoiBtance  ot  Copper  at  -  aC»o  0." 

A.  Gaifffe—"  A  Standard  Volt"  

W.  Siemoas— •■  Oontribntion  to  the  Theory  of  Magnetiim  " 

O.Elaasser— "Teieplionic  Inductiou"        

B.  Budde— "On  theTheury  o£  riiermo^leotricrorceB" 

B.  ArrheniuB— "ResBarcheaon  the  Conductivity  of  Electrolytes"    ... 
A.  Bartoli — Conductivity  of  Carbon  Compounds,  ipecially  of  Amidet, 

Anilidtfl,  and  Nitru-DeriTalives  "        

A,  Bartoli — "Conductivity  of  gome  Solid  Organic  Bodies"     

A.  Bartoli—"  Conductivity  of  the  Reiing"  

A.  Bartoli — "Conductivity  ot  Mixture!  of  Organic  CompoundB"     ... 
T.  TOO  Lang— "Method  of  Measuring  the  E.M.F.  of  the  Electric  Arc" 

Dr.  0.  Fralich— "Theory  of  Iha  Dyniimo  Machine  "      

CFouiserean— "Electric  Eesiatance  of  Alcohol"  

P.  H.  Leileboer — ' '  Measurement  ot  Small  Besistaneea  "  

P.  Marcillae— ■'  The  Dry  Pile  of  Profesaor  Paimlerl "    ... 

J,  EJater  and  H,  Oeitcl—"  OnipoJar  Conductivity  ot  Heat«d 

W.  V.  Beetz—n  Galvanic  Dry  Pile*  and  their  Use  for  Elwitl 

and  Gslvnnometric  Measure menl a  "    ... 
E.  W.  'Wlllson — "SenaitiveGalTanoniettrwilhMeaaiirftblt, 

Factor"       

A. Naocariand O,  Ouglielmo— " Heatlngof  Glwjti 

Air" 

G.  Poloai— "RelaUon  between  the  Elasticity 

for  Heat  and  Electricity  of  some  MHtalUo 
Dr.  0.  Fralich—"  Theory  of  the  Dynamo  "     ' 

Winding  for  Constant  E.M.F."  .,. 
Dr.  H,  Hammerl—"  Behaviour  of  llii 
Anon. — "  Electrically-workeii  Cluti- 
O.  B.  Jenmaii— "  Balala  and  llie 

Other  Article*  appearing  in  theium 


IU9 


biSi 


E5S 


JOURNAL 


OP  THE 


SOCIETY    OF 

/clcgrap^-Cngiitcrrs  ;inb  (glcctritians. 

Fouiuhd  1871.     Ineorparaltd  ISSa 


Vol.  XIV. 


1885. 


No.  55. 


1  The  One  Hundred  and  Thirty-nioth  Ordinary  General  Meeting 
^—^  of  the  Society  was  held  at  the  Instiiution  of  Civil  Engineers, 
^B  25,  Great  George  Street,  Westminater,  on  Thursday  evening, 
^1  22nd  January,  1385— Professor  W.  GttYLLS  Adams,  F.R.S., 
^M      President,  in  the  Chair. 

^  The  minutes  of  the  Annual  General  Meeting  were  read  and 
I     confirmed. 

^^  The  following  Students  were  annoiuiced  to  have  been  trana- 
^terred  to  the  class  of  Associates : — 

Charles  Bright. 

Henry  Carfrae  Seddon, 

Edwuid  ytallibrass. 
TLb  names  of  new  caadidatps  were  annoaneed  and  nupended. 
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since  the  last  rawting  dona- 
John  Aylmer, 
I  ■Vre'hitectd ; 
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which  should  subsist  between  the  Strength  of  an  Electric  Current 
and  the  Diameter  of  Conductor,  to  prevent  Overheating."     I  am 
Borry  to  say  that  the  instrmnent — a  Kohlrausch  galvanometer — 
choijen  by  Professor  Forbes,  as  Ihe  Society's  premium,  has  not 
arrived  from  Frankfort,  and  therefore  I  am  not  able  to  hand  it  to 
him,  but  I  have  great  pleasure  in  handing  him  a  letter  represent- 
ing the  fact.     1  have  also  great  pleasure  in  announcing  that  the 
Fahie  premium  has  been  awarded  to  Dr.  Stone  for  his  very  valuable 
paper  "  On  the  Physiological  Bearing  of  Electricity  on  Health." 
Members  will  remember  how  Dr.  Stone  came  forward  to  help  us 
in  the  Conference  of  last  year  at  the  Health  Exhibition,  and  what 
a  pleasant,  gathering  we  had  there,  when  papers  were  read,  one  by 
Mr.  Crompton  in  the  morning,  and  then  one  by  Dr.  Stone  in  the 
afternoon.    He  of  course  occupied  the  more  difficult  place,  because 
after  three  or  four  hours'  discussion  on  the  previous   papers  it 
might  be  somewhat  difficult  to  keep  up  the  interest.     We  know 
how  well  Dr.  Stone  succeeded,  and  the  value  of  his  paper  has  been 
recognised  by  the  Council,  who  have  decided  to  present  to  him 
the  electrometer  which  you  see  on  the  table.     The  Paris  Elec- 
trical Exhibition  premium  was  awarded  to  Mr.  H.  C.  Afance,  to 
whom  I  have  very  great  pleasure  in  handing  this  box  of  instra- 
menls,  as  a  small  token  of  the  appreciation  by  the  Society  of  the 
jjaper  which  he  read  before  them    "On  a  Method  of  Eliminating 
the  Effects  of  Polarisation  and  Earth  Currents  from  Fault  Tests." 
Now,  gentlemen,  having  completed  what  may  be  regarded  as 
perhaps  the  business  of  the  past  year,  I  have  to  vacate  this  chair ; 
and  in  doing  so  I  have  to  give  you  my  thanks  for  the  way  in 
which  you  have  supported  me  during  my  year  of  office.     I  think 
we  have  had  very  good  meetings,  and  that  these  meetings  have 
been  well  attended ;  and  I  am  sure  that  members  of  the  Society 
deserve  my  thanks  for  the  way  in  which  they  have  attended  these 
meetings  and  communicated  papers  to  the  Society  during  the 
year.     I  cannot  leave  the  chair  without  also  giving  my  thanks  to 
the  members  of  the  Council,  who  have  supported  me  so  thoroughly 
throughout  the  year.     The  members  of  the  Council  are  always 
ready  to  do  work  in  providing  papers  and  in  taking  care  that  the 
Society  has  the  right  papers,  and  on  them  must  greatly  depend 
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the  success  of  our  Society ;  therefore  I  wish  to  present  my  thanks 
to  the  members  of  the  Council  for  the  ready  support  which  they 
have  given  me.  I  now  have  very  great  pleasure  in  giving  way, 
and  calling  npon  Mr,  Spagnoletti  to  take  the  chair  and  to  give 
HE  his  Address. 

Mr.  C.  E.  Spagnoletti,  M.  Inst-  C.E.,  then  took  the  chair. 

Mr.  WiLLUM  Crookes  :  Mr.  President, — May  I  be  allowed  to 
make  the  first  speech  during  your  occupancy  of  this  chair.  I 
rise  to  make  a  proposal  that  I  am  cjuite  sure  will  be  met  with 
acclamation  by  all.  I  wish  to  propose  that  the  hearty  thanks 
of  the  Society  be  given  to  our  late  President,  Professor  Adams, 
for  the  way  in  which  he  has  carried  on  the  work  of  the  Society 
ilonng  the  time  he  has  occupied  that  chair.  We  all  know  how 
well  he  has  carried  on  the  duties  in  this  room  ;  but  speaking  to 
yon  aa  one  who  has  had  the  pleasure  of  working  with  him  on 
the  Council  for  some  time,  I  can  assure  you  that  the  work  which 
Professor  Adams  does  here,  and  which  you  see,  is  as  nothing  in 
comparison  with  the  very  valuable  assistance  which  he  gives  the 
Society  in  the  less  formal  work  that  goes  on  at  the  Council 
meetings  and  in  Committee.  I  therefore  beg  to  move  that  the 
lieet  thanks  of  the  Society  are  due  to  Professor  W.  Grylla  Adams 
fi>T  the  able  manner  in  which  he  has  discharged  the  duties  of 
President  during  the  past  year. 

Sir.  E.  Graves:  I  can  add  nothing  usefully  to  the  remarka 
of  Mr.  Crookes,  and  therefore  beg  to  second  the  resolution. 

Mr.  C.  E.  Spaosoletti  (the  new  President):  My  first  duty 
is  a  very  pleasing  one.  It  is,  as  you  are  aware,  to  ask  you  to 
ucord  to  Professor  Adams  a  hearty  vote  of  thanks  for  the  able 
way  in  which  he  has  carried  on  the  work  of  the  Society  during  the 
time  he  has  occupied  this  chair.  It  has  been  well  proposed  by 
Mr.  Crookes,  and  concisely  seconded  by  Mr.  Graves,  and  I  would 
uk  you  to  accord  it,  as  is  customai;  on  such  occasions,  ^by 
uclamatioD. 

The  resolution  was  unanimously  carried. 

Professor  Adams:  I  am  very  much  obliged  to  you  for  the 
kind  way  in  which  you  have  passed  the  vote  of  thanks,  and  I 
will  only  imitate  the  brevity  of  the  proposer  and  seconder  of  the 
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proposition,  by  not  taking  up  jour  time  now,  when  we  are 
anxiouEly  looking  for  the  words  of  wisdom  which  will  presently 
fall  from  our  President's  lipa.  I  thank  you  most  heartily  for  the 
kindness  which  you  have  shown  towards  me. 

INAUGURAL  ADDRESS. 
By  C.  E.  SPAGPiOLETTi,  M.  Inst.  C.E. 

The  next  duty  I  have  to  perform  is  to  thank  you  most 
sincerely  for  the  great  honour  you  have  conferred  on,  and  the 
confidence  you  have  shown  in  me,  by  electing  me  as  your  Presi- 
dent for  the  coming  year.  I  also  thank  the  Council  very  much 
indeed  for  their  kind  and  uaanimous  nomination,  and  I  am  very 
grateful  to  you  all,  gentlemen,  for  your  confirmation  of  that 
nomination. 

Being  on  our  Council  the  representative  of  that  branch  of 
our  science  which  immediately,  applies,  and  is  so  important  an 
adjunct  to  the  working  of  our  railways,  the  honour  you  have 
done  me  will,  I  feel  sure,  be  felt  by  all  my  colleagues  engaged 
in  railway  telegraphy,  and  they  will  appreciate  this  recognition. 
I  am  fully  conscious  of  the  attention  and  cai-e  that  it  is 
necesaary  to  devote  to  the  responsible  duties  of  President  of 
this  growing  and  prospering  Society,  and  I  will  do  my  best, 
with  the  kind  support  I  know  I  shall  receive,  to  properly  carry 
them  out.  Each  year  this  position  will  become  more  and  more 
arduous  to  fulfil;  its  functions  will  increase,  and  become  still 
more  important,  as  our  science  grows  and  its  branches  develop 
and  become  more  niunerouB,  for  there  ia  no  knowing  what  further 
great  ends  electricity  may  be  the  medium  of  effecting,  or  how 
soon  some  new  line  by  its  use  may  be  struck  out  for  us,  and  enable 
us  to  form  important  additions  to  our  industries. 

It  ia  only  a  few  years  ago  that  we  were  small  in  numbers, 
Btruggling  hard  to  make  both  ends  meet ;  but  by  the  successful 
efforts  and  perseverance  of  those  who  have  had  the  conduct  of 
our  affairs,  and  their  earnest  desire  to  do  their  utmost  for  the 
welfare  of  the  Society,  we  have  become,  and  I  trust  may  continue 
to  grow,  a  still  more  important  and  influential  body.  We  are  now 
an  incorporated  Society,  with  a  firm  foundation  to  further  build 
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with  money  invested,  with  our  financial  condition  Boand  and 
good ;  and  we  are,  too,  in  the  very  satisfactory  position  of  being 
able  to  give  prizes  to  our  Slembera  and  Students,  and  so  offer 
some  re^rard  to  encourage  and  stimulate  them  to  become  useful 
and  valuable  members  of  the  Society.  There  is  plenty  of  good 
groond  for  them  to  work  in  by  studying  and  taking  up  many 
sabjectti  which  require  deep  investigation,  and  then  favouring  us 
ith  the  result  of  their  labours,  thus  taking  a  vety  important 
in  contributing  to  our  progress  and  knowledge,  and  increas- 
ing t)ie  value  and  capabilities  of  our  Institution. 

I  should  like  here  to  take  this  opportunity  of  addressing  a 
words  to  our  younger  Members  and  .Students;  I  would  ask 
ihem  to  take  a  more  prominent  port,  than  they  have  hitherto 
done,  in  the  proceedings  of  our  evenings,  and  in  the  discussions 
on  the  papers  read  before  the  Society.  In  this  Society,  as  in 
many  others,  it  must  be  noticeable  to  all  that  for  the  majority  of 
e  papers  read,  and  the  discussions  thereon,  we  are  indebted  to 
B  comparatively  few  members,  and  the  same  voices  are  continually 
being  heard.  Now  1  do  not  for  one  moment  wish  in  any  way  to 
subdue  those  voices, — I  hope  vee  may  still  have  the  pleasure  of 
hearing  them,  and  the  good  information  they  are  so  capable  of 
giving  us,  for  many  years  to  come,— but  we  also  want  to  hear 
tbers  as  well,  and  I  am  quite  sure  you  will  agree  vrith  me  that  it 
hardly  fair  that  the  majority  of  work  oF  the  Society  should  be 
continually  put  upon  so  comparatively  few  of  its  members.  It  is 
a  duty  every  member  owes  to  the  Society  to  do  what  he  can  to 

Itupport  and  uphold  it,  and  to  assist  those  who  have  been  elected 
If  I  may  so  say)  as  guardians  of  the  Society  and  hosts  of  the 
Beetingj.  They  have  with  care  to  see  to  and  provide  the 
Irenings'  entertainments,  and  to  arrange  that  they  shall  be  what 
■ey  ought  to  be,  and  they  would  be  only  too  glad  to  receive  a 
Ittle  more  external  assistance ;  and  I  do  most  strongly  urge  upon 
you  to  consider  this  question.  We  want  to' widen  the  sphere  of 
^^uir  Kociety,  and  make  it  as  popular,  entertaining,  interesting,  and 
^^piiractive  as  we  possibly  can;  and  this  can  only  be  done  with 
success  by  all  its  members  giving  their  best  assistance  and  help. 
We  who  ait  here  to-day  will  shortly  require  successors,  and  those 
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moEt  neeful  to  the  Society  will  have  to  be  elected.  In  taking 
part,  in  these  discuseions  there  is  no  need  for  long  elaborated 
speeches:  an  expression  of  opinion,  a  few  remarks  or  a  question 
on  some  point  or  points,  may  give  a  fresh  impetus  to  the 
discufision,  and  this  may  bring  out  further  enlightenment  oi^M 
the  subject  under  consideration,  which  but  for  some  such 
remark  or  question  the  .Society  might  not  otherwise  have  th« 
benefit,  of.  In  writing  a  paper  much  time,  latrour,  ihoughl,  and 
search  is  needed ;  but  these  efforts  do  not.  only  benelit  those  wht 
hear  the  paper  read,  or  read  it  in  oiir  Journal,  but.  is  of  far  greater 
advantage  to  the  author  himself,  as  it  necessitates  his  acquiring 
and  seeking  such  knowledgt^  and  information  of  his  subject  which 
in  all  probability  he  would  not  otherwise  so  diligently  and  deepljj 
search  for.  He  will  lind  as  he  proceeds  that  the  desire  to  he  very" 
correct  and  more  cnnijilete  will  gi-ow  stronger  and  stronger,  and 
suggestions  will  arise  which  will  lead  him  to  greater  results  than 
he  at  first  anticipated,  and  amply  repay  him  for  bis  trouble.  It 
taking  up  a  subject  in  this  way,  although  mastery  of  it  ia  fre? 
quently  obtained,  there  may  lie  still  some  obscure  iminta  which 
sometimes  present  themselves,  and  when  it  is  under  con^H 
sideration  and  discussion,  these  are  frequently  brought  out  and 
made  clear,  and  the  author  tiius  gets  assistance  in  solving  difficult 
and  knotty  points  which  but  for  such  discussion  might  stiil  remain 
in  obscurity. 

We  are  told  "  unity  is  strength,"  and  in  a  young  Society  like 
ours  there  can  be  no  question  that  the  more  the  unity  in  impart- 
ing knowledge  one  to  the  other,  the  greater  will  be  our  strength 
and  value  as  a  Society.  Wlien  a  subject  has  been  thoroughly 
digested  and  understood,  the  mind  frequently  sees  where  there  is 
a  missing  link,  or  where  its  practical  application  could  be  directed 
to  some  new  pnr^rase;  and  the  application  of  such  an  idea  leads 
up  to  invention,  which  not  a!one,  in  many  instances,  is  profitable 
to  the  inventor,  hut  is  of  service,  convenience,  and  benelit  to  the 
community  at  large. 

Some  classes  of  electrical  experiments  are  very  easily  carried 
out,  and  in  a  very  inexpensive  manner.  Look  only  at  the  simple 
appliances   Faraday  employed  in  his  experiments  in  induction, 
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and  see  now  to  what  those  have  led.     A  little  ingenuity  can 

surmount  what  at  first  may  appear  an  insuperable  difficulty ;  and 

we  have  other  instances  of  the  ease  hy  which  esperimenta  of 

importance  may  be  tried,  not  only  most  simple  in  themselves  and 

to  obtain,  but  which  have  led  the  inventor  to  marvellous 

rpBults.      We   know  from  our  own  experience  the  exceedingly 

primitive  and  simple  appliances  that  Professor  Hughes   monu- 

^^factored  by  his  own  hands  in  his  researches  in  the  microphone, 

^^Ks  induction-balance,  and  his  eiperiments  in  magnetism. 

^H     We  now  have  a  magnificent  Library,  of  which  we  ought  to  be 

^Kery  proud,  and  whicli  possesses  already  a  collection  of  from  ten 

^Hd  twelve  thousand  books  and  papers,  and  these  nnmbers  are  still 

^Bftpidly  increasing,  thanks  to  our  energetic  and  zealous  Librarian ; 

and  from  bis  very  salisfiictory  report  just  issued  it  will  he  seen 

that  we  receive  no  less  than  71  English  and  Foreign  jieriodicals, 

that  all  specifications  for  electrical  patents  as  ttoon  as  they  are 

published  are  sent  to  the  Library,  and  that  during  the  last  three 

months  of  the  year  just  ended  we  had  an  addition  of  123  volumes, 

^—It  is  satisfactory  to  find  that  the  Library  is  appreciated,  and  that 

^Phte  number  of  members  using  it  is  increasing;  and  now  that  it  ia 

open  until  8  p.m.  four  nights  a  week,  greater  opportunities  are 

KTorded  to  our  members  for  ita  use. 
I  hope,  in  addition  to  this  great  source  of  knowledge,  that  we 
ay  be  able  soon  to  afford  to  our  members  and  place  at  their 
disposal  a  Laboratory,  where  they  may  be  able  to  try  any  eiperi- 
ments that  they  may  desire,  and  likewise  that  this  Laboratory 
may  be  of  service  to  our  Students  in  the  course  of  their  studies, 
and  enable  them  to  form  a  more  practical  and  clear  comprehension 
of  any  questions  they  may  iiave  under  consideration  than  they 
can  possibly  obtain  without  such  aid.  I  think  this  is  a  subject 
which  should  receive  our  early  consideration,  even  if  we  have 
(ontil  we  can  afford  a  free  one)  to  make  a  small  subscription 
iwarde  its  attainment. 
I  have  often  thought  that  the  science  of  electricity  is  one 
which,  from  the  delicacy  (and  I  use  this  term  advisedly)  of  its 
^Blature,  might  make  to  a  greater  extent  provision  for  a  growing 
^Tlational  necessity :  I  mean  the  employment  of  female  labour.     It 
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would  very  well  afford  an  opportunity  for  Btidi  labour  in  the 
laboratory  and  testing  rooms,  which  work  might,  I  think,  be 
performed  by  ladies,  if  they  were  specially  educated  and  trained 
for  it ;  and  the  lighter  and  stereotyped  work  in  the  workshops  of 
large  establishments  might,  in  auch  matters  as  coil-winding,  dial- 
jminting,  etc.,  be  well  performed  by  less  educated  women,  under 
proper  eupenusion.  The  Post  Office  and  Telephone  Companies 
are  considerable  employers  of  female  labour,  and  the  result  of 
their  experience,  so  far  aa  I  am  aware,  has  been  very  satisfactory 
in  all  respects.  AVouien  have  also  been  employed  successfully  in 
the  manufacture  of  incandescent  lamps, 

I  will  now  turn  to  a  branch  of  our  science  which  I  believe  is 
one  destined  to  beeoTue  more  popular  and  general  than  any  other, 
viz.,  that  of  electric  lighting.  All  who  are  interested  in  its 
advancement — and  all  surely  will  be  so,  as  they  become  acquainted 
with  its  comforts  and  healthfulness — cannot  but  regret  its  present 
state  of  com]iarative  stagnation.  This  I  consider  is  partly  due  to 
its  having  been  commercially  "rushed"  too  soon,  and  before 
the  necessary  requirements  were  met  for  its  being  practically 
carried  out,  and  the  requisite  provisions  and  ^wwers  were  Qbtaiued 
from  the  Legislature  for  its  successful  conduct. 

The  6rst  great  eshibition  of  the  electric  light  which  brought 
it  prominently  before  the  public  with  something  like  success  was 
the  exhibition  held  in  Paris  in  1878,  where  it  was  first  shown  to 
any  extent  as  a  luminant  for  streets  and  public  buildings. 
Gramme,  Jablochkoff,  Serriu,  and  Jjontln  came  on  this  occasion 
well  to  the  front,  and  bad  certainly  made  great  advances.  Very 
shortly  after,  American  and  English  madiines  began  to  spring  up 
and  blaze  forth  their  biilliant  effect  with  similar  succt-ss,  and  in 
such  numbers  that  the  public,  having  so  many  systems  brought 
before  it,  and  each  doing  its  work  apparently  so  well,  were— I  think 
naturally,  and  certainly  prematm'cly— led  to  I'onclude  that  the 
problem  of  electric  lighting  was  not  after  all  so  difficult  a  one,  and 
conld  be  successfully  carried  out.  The  advantages  of  such  a  light 
being  BO  manifest,  they  were  willing  to  accept  it  as  an  accomplished 
fact.  Under  such  circumstances  I  do  not  think  the  auhscribing 
pahlic  (taany  oi  whom,  by  the  precipitate  action  of  others,  have 
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en  great  gufferera)  are  to  be  blamed  for  having  felt  confidence, 
investing  their  money,  and  taking  an  interest  in  what  must  have 
Se<emed  to  tbem  sucb  a  pronounced  improvement  upon  gas. 

The  second  Electrical  Exhibition  iiiParia,  held  in  1881,  exceeded 
anjtbing  ibat  had  previously  been  attempted,  and  demonstrated 
with  full  eEFect  the  beauties  of  the  electric  light  and  its  various 
applications,  aa  well  as  the  power  of  electricity  for  other  purposes. 
This  was  followed  by  our  Crystal  Palace  Electrical  Exhibition,  the 
uarium  Exhibition,  the  exhibits  at  the  Fisheries  Exhibition,  and, 
itly,  that  of  the  Health  Exhibition  ;  and  to  these  may  be  added 
other  Continenlal  and  American  Exhibitions,  all  of  which  were  re- 
portgd  as  great  successes.     These  acted  aa  furt.her  inducements  to 
^speculators.    The  result  of  this  was  that,  money  being  so  easily 
^^■btained,  many  companies  were  formed,  very  high  prices  were  |)aid 
^B*>r  jtatents,  and  consequently  a  too  reckless  system  has  greatly  con- 
tributed to  tJie  present  dilemma;    and  this,  in  my  opinion,  baa 
been  a  stumbling-block  to  tiie  progress  of  electric  lighting.     The 
^Hompanies  that  were  formed  in   1880  and   1881  spent  large  sums 
^Bd  patent  expenses  and  installation,  in  order  to  show  what  they 

oould  do.     This  meant  expenditure  and  no  profit. 

^^^     The  question  of  distribution,  and  the  system  of  registering  the 

^^Tinount  of  current  suppHed  or  used,  is  not,  even  at  present,  in  so 

talisfactory  a  condition  as  could  be  wished,  and  the  perfecting  of 

these  systems  can  only  be  achieved  by  experiments  resulting  from 

careful  watching  and  time.     Great  improvements  in  both  these 

^^ABtters  will  be  shortly  forthcoming,  and  the  experience  gained  by 

^^■ractical  appUcation  of  the  systems,  and  large  installations  when 

^^ptey  can  be  made,  will  soon  alTord  the  experience  and  knowledge 

required  to  surmount  all  the  present  difficulties  that  exist. 

nie  Act  gii"ing  the  requisite  jHCwers  to  commence  actual  work 
not  passed  until  1882,  and  by  that  time  many  of  the  corn- 
had  spent  a  very  considerable  part  of  their  capital,  and 
this  Act  was  passed  two  or  three  of  its  clauses  were  of  such 
nature   as  to  effectually  stop   any   further  progress.      These 
les  require  to  be  either  repealed  or  so  modified  as  to  encourage 
and  assist  the  system,  instead  of  crushing  it. 

A  company  undertaking' eJecfric  lighting  likouldbe  ena\Ae4\o 
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»ee  its  way  to  a  fair  and  proper  return  on  behalf  of  those  who  are 
disposed  to  advance  capital  to  carry  on  such  work.  To  this  end 
committecB  have  been  formed,  and  petitions  have  been,  or  will 
shortly  be,  forwarded  to  the  President  of  the  Board  of  Trade, 
iwinting  out  what  clauses  it  ia  absolutely  necessary  to  repeal  or 
modify,  both  in  the  Act  itself  and  in  the  Provisional  Orders,  to 
give  the  system  a  fair  and  proper  start ;  and  as  very  capable  men 
constitute  these  committees,  and  are  actuated  alone  by  the  same 
object,  viz.,  to  obtain  the  establishment  of  the  light,  the  con- 
clusions that  have  been  arrived  at  by  them  may  be  taken  to 
represent  the  views  of  those  anxious  to  obtain  the  light  and  those 
desirous  of  supplying  it,  and  it  ia  to  be  hoped  their  representations 
to  the  Government  will  receive  very  careful  consideration,  and 
that  the  necessary  concessions  will  be  granted.  In  fairaess  I 
should  state  that  the  Act  itself,  with  two  or  three  exceptions,  ia 
not  altogether  an  unsatisfactory  one.  The  points  that  preaa  most 
hardly  on  the  companies  are  these;. — Ist,  with  regard  to  licenses. 
As  it  at  present  stands  no  license  can  be  obtained  unless  the 
consent  of  the  local  aiithorilies  is  first  obtained,  and  forwarded 
with  the  application  to  the  Board  of  Trade.  Now,  should  it  bo 
happen  that  the  local  authorities  were  themselves  the  "under- 
takers," and  their  terms  to  supply  a  special  district  beyond  the 
limits  they  desired  to  make  were  excessive  and  unreasonable,  or 
if  the  local  authorities  were  interested  in  the  supply  of  gas,  the 
chances  of  any  one  obtaining  their  consent  for  a  license  would,  I 
take  it,  be  extremely  hypothetical.  Now,  in  such  cases  as  these, 
the  withholding  of  the  consent  should  not  be  allowed  to  veto  the 
application  to  the  Board  of  Trade  for  a  license,  as  it  would  be 
giving  a  power  to  one  interest  to  injure  another,  without  a  fair 
hearing  of  the  case.  There  would  also  be  an  advantage,  if  in  the 
granting  of  licenses,  the  holders,  with  the  consent  of  the  local 
authorities,  could  use  the  streets  for  a  private  supply,  without 
being  obliged  to  give  any  other  supply.  I  believe  that  the  clause 
referring  to  licenses  has  been  somewhat  erroneously  construed;  if 
fhie  is  so,  a  necessity  is  shown  for  amendment,  for  if  it  is  am- 
biguous it  should  be  bo  altered  as  to  make  it  clearly  and  uumis- 
tBkab]y  convey  its  intended  meaning. 


A 


ISSB.}  IMAUaUKAL  ADDRESS.  II 


1: 


tf 


■  Sodly,  the  question  of  meter  meBsurement.  At  present  there 
a  want  of  a  eufficiently  reliable  meter ;  and  as  this  is  the  caae  it 
'comea  necessarj",  until  time  has  given  us  what  is  required,  and 
allowed  of  a  practical  test  of  auuh  appiiratns,  that  conditions 
ihoald  be  made  as  will  admit  of  the  supply  to  be  received 
not  only  through  a  meter,  but  be  charged  for  per  light ;  and  as 
lam])3  vary,  and  the  undertakers  are  belter  able  than  the  general 
public  to  advise  upon  the  class  of  larap  that  should  be  used,  in  the 
interest  of  both  parties,  the  former  should  he  allowed  to  decide  this 
point.  The  gas  companies,  I  would  remark,  enjoy  similar  powera 
with  regard  to  burners,  and  the  necessity  for  such  a  regulation 
M  obviously  greater  with  electricity  than  with  gas, 

3rdly,  clause  27,  known  as  the  "  compulsory  purchase  "  clause. 
This  clause  requires  repealing  or  entirely  remodelling,  for  as  it  at 
present  stands  it  is  the  great  obstacle  and  the  barrier  that  bars 
the  progress  of  electric  lighting.  The  initial  expenditure  conse- 
quent upon  the  lighting  of  a  district  must  of  necessity  be  very 
considerable,  and  any  company  that  undertakes  such  work  must 
be  prepared  for  this,  and  also  for  a  continual  expense  until  the 
system  is  made  perfect,  or  nearly  bo.  We  all  know  in  a  new 
system  that  experience  is  only  the  pioneer  for  further  develop- 
ment and  invention,  therefore  it  is  but  reasonable  to  make  some 
allowances  for  such  circumstances.  When  these  large  areas  are 
lighted  it  will  be  comparatively  new  ground  to  work  on,  and 
although  there  is  no  doubt  as  to  the  ultimate  results,  it  is  of 
great  importance  that  steps  should  be  t-aken  to  lessen  the  cost  of 
the  supply.  Now  clause  27  provides  that  at  the  end  of  twenty- 
one  years,  on  a  six  months'  notice,  the  local  authorities  have  the 
power  of  purchasing  the  undertaking  (or  such  part  of  it  as  is 
within  their  jurisdiction)  at  the  then  valuation  of  the  plant, 
buildings,  works,  materials,  and  lands  of  the  undertakers,  suitable 
and  used  by  them,  within  the  local  authorities'  jurisdiction ; 
and  if  part  of  the  undertaking  is  only  purchased,  a  consideration 
for  the  loss  by  severance  is  to  be  made,  but  without  regard  to 
compulsory  sale,  goodwill,  or  any  profits  that  have  been  or  may 
be  made,  or  any  other  similar  consideration ;  so  that  if  a  com\iaTiY, 
after  years  of  working,  are  just  beginning  to  maVe  ttie  VviaVtves* 
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pay  and  put  it  on  a  prosperous  footing,  the  local  autboritiea  can, 
on  a  bIx  months'  notice  at  the  end  of  twentynane  years,  or  on  a 
six  months"  notice  at  the  end  of  each  succeeding  seven  years,  elect 
to  purchase  it ;  but  if,  on  the  other  band,  it  is  not  a  profitable 
concern,  they  need  not  do  so  until  such  time  as  it  does  pay,  and  is 
worth  their  taking  over.  Now,  generally,  such  purchases  are 
ruled  by  a  capitalisation  of  profits,  or  outlay  and  goodwill  is 
allowed,  or  it  is  purchased  at  the  market  price  as  a  going  concern ; 
and  it  is,  I  venture  to  think,  a.  great  mistake  to  make  an  exception 
in  this  instance.  If  such  conditions  are  to  stand,  then  the  period 
of  time  must  be  considerably  extended,  and  the  price  to  be  paid 
should  be  a  market  value  as  o  going  concern.  If  any  improved 
systems  were  to  be  brought  out,  it  would  probably  be  necesaaiy, 
for  successful  competition,  to  purchase  or  rent  them,  and  amounts 
that  are  paid  as  royalties  or  for  patents  would  not  represent  any 
value  after  their  expiration,  and  time  therefore  should  be  allowed, 
after  such  expenses,  for  a  return  of  the  outlay. 

With  regard  to  the  Provisional  Orders,  there  appear  to  be  two 
points  that  call  for  revision  :  Ihe  first  is,  as  to  compulsory  lajHng 
of  mains ;  and  the  second,  as  to  the  power  to  require  a  supply 
which  should  be  subject  to  a  minimum  of  so  manj'  hours,  or  at  a 
special  rate  per  anniun.  In  the  first  instance  it  could  hardly  be 
expected  that  a  company  should  be  called  on  to  incur  an  expense 
when  there  is  no  prospect  of  getting  any  return  for  it,  and 
as  this  ia  not  required  from  the  gas  companies,  it  seems  hard 
to  im^wse  it  on  the  electric  light  companies;  and,  in  the  second 
case,  it  would  be  but  fair  to  the  "  undertakers  "  for  the  consumer 
to  state  the  amount  of  sui>ply  that  is  approximately  to  he  taken 
by  him,  and  if  it  ia  not  likely  to  be  a  fair  and  adequate 
quantity,  then  I  venture  to  think  that  in  such  cases  it  should  be 
left,  to  the  "  undertakers  "  to  make  special  arrangements  with  such 
consumers.  I  believe  the  President  of  the  Board  of  Trade  is  well 
aware  how  anxious  people  are  to  obtain  the  electric  light  in  their 
houses,  and  as  he  will  now  receive  advice  on  the  subject  from 
qualified  persons,  it  is  to  be  hoped  that  the  obstacles  that  have 
hitherto  retarded  its  progress  may  be  removed,  and  that  we  may 
see  it  make  a  steady  and  satisfactory  ndx'ance  in  the  future. 
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Although  the  electric  light  has  not  yet  progresBed  to  any  great 
extent  in  this  country,  it  is  cheering,  from  Mr.  Preece'a  experiences, 
to  hear  that  it  is  advancing  InAmerica  satisfactorily,  for  this  is 
paving  the  way  for  us. 

I  am  very  glad  to  find  that  the  opinion  I  have  formed  as  to 
the  services  each  class  of  lamp  should  perform  is  being  confirmed 
by  the  sygtems  adopted  in  America.  I  think  it  is  certainly  wrong 
lo  attempt  space  or  outdoor  lighting  by  the  incandescent  lamps ; 
they  are  essentially  for  internal  lighting,  as  the  arc  is  for  outdoor 
lighting.  When  the  Edison  Company  first  opened  their  central 
station  on  the  Holbom  Viaduct,  I  went  with  Mr.  Preece  to  see 
their  arrangements ;  and,  aa  Holbom  was  then  being  lighted  by 
two  or  three  difi'erent  systems,  we  walked  up  it  to  see  them.  First 
we  came  on  the  ordinary  gas  lighting,  which  needs  no  remark ; 
then  we  came  on  to  Siemens'  gas  and  air  lamp,  which  lighted  up 
the  street  well.  We  then  came  on  Sugg's  or  Bray's  triple  burner; 
this  also  gave  a  very  good  light ;  and  we  lastly  came  to  the  two 
incandescent  lamps  of  Edison,  in  the  ordinary  lamp-posts,  which 
vas  jnst  hke  going  back  to  the  ordinary  gas  lamps,  if  not  worse: 
the  effect  was  most  disappointing  and  depressing,  and  we  then 
came  to  the  conclusion  that  this  last  named  would  certainly  not 
gain  favour  for  electric  lighting,  and  that  it  was  a  great  mistake. 
The  plan  adopted  in  America  of  lighting  the  squares  by  a  tall 
mast  in  the  centre  is  one  that  might,  be  easily  carried  out.  We 
have  had  an  opportunity  of  judging  of  this  mode  of  lighting  by 
liie  maata  at  the  Health  Eihibition,  The  system  of  high  maste 
has  also  been  carried  out  at  the  Hoyal  Albert  Docks,  where  it 
appears  to  answer  very  well ;  and  the  London  and  South  Western 
Railway  Company  have  also  adopted  this  system  in  their  goods 
yard  at  Nine  Elms  Station,  with  good  results.  I  had  to  enquire 
lome  time  ago  into  this  mast  system,  and  the  reports  I  received 
were  in  every  way  most  satisfactory.  I  was  told  it  facilitated  the 
forming  of  trains,  and  thus  ensured  their  punctual  departure ;  and 
although  I  cannot  say  every  light  was  equal  to  a  policeman,  as  has 
been  said,  I  was  informed  it  had  had  the  effect  of  preventing  thefts. 

Before  leaving  the  subject  of  electric  lighting,  I  would  mention 
that  there  is  another  application  of  it  that  would  be  received  with 
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very  great  pleasure  bymanymiUioDB  of  people— that  is,  the  light 
ing  of  railway  carriages.     When  you  consider  that  the  nnmber  i 
pnaBeogerB  in  a  year  in  this  country  is  over  000,000,000,  aay  one-' 
sixth  only  travelled  after  daylight,  the  hoon  would  be  greatly 
appreciated.     The  railway  companies  wotdd,  I  feel  sure,  be  ouly^f 
too  glad  to  afford  a  better  light,  but  the  difficulties  in  adopting 
the  electric  light  are  many,  and  I  will  point  out  those   that 
prominently   present   theniBelves   to  my  mind,   so  that  whoever 
may  be  studying  this  subject  will  get  an  idea  what  to  provide  forjj 
and  the  difficulties  to  be  contended  against.     Of  the  systems 
present  under  trial,  one  ia  with  a  dynamo  and  accumulators  in' 
the  van  of  the  train,  worked  from  the  axle ;   another,  with  the 
dynamo   and   an  independenb  small  engine  fixed   on  the  loco!^| 
motive,  taking  its  steam  from  the  boiler.     And  primary  batteries 
have  also  been  tried.     Now  with  any  system  where  the  source  of 
generation  is  at  one  point,  either  on  the  engine,  or  in  the  van, 
yoQ  meet  with  these  difficulties :  if  the  supply  is  on  the  forme 
each  time  it  ia  changed  or  detached  for  water,  or  the  train 
divided,  the  carriages  are  in  darkness ;  aud  it  is  the  practice  at 
terminus  to  have  the  coaches  brought  up  to  the  platform  some- 
times twenty   minutes  or  half  an    hour  before   the  engine   i^H 
attached  to  them.     But  if  in  the  case  of  the  latter,  i.e.,  the  van; 
any   dividing   of  the   train   to    attach   an   extra   vehicle  would 
mean  that  while  this   was   being  done   the   train   would  be  i: 
darkness,   or   at   any    rate    the    portion    of    the   divided   tTBJn 
that   wa3   not   carrying  the   power,   and  the  lamps   that   we: 
in  the  portion  of  the   train  from  which  the  light  was  derive 
would  receive  an  excess  of  power  which  tbcy   would  be  belt 
without.      If   accumulators    are    put    in     each   carriage    separ- 
ately, for  lighting  it  independently,  and  are  charged  either  by 
dynamo   on   the   engine   or   from   the  van,  the   difficulty  may 
frequently  arise  that  a  carriage  which  has  been  standing  for  som^| 
weeks  may  be  unexpectedly  wanted,  and  when  put  into  the  train,* 
it  might  happen  that  the  accumulator  it  contained  would  not  light 
the  lamps  until  it  had  been  recharged.     What  is  wanted  is  some 
system  that  will  meet  all  these  requirements  and  details  in  railway 
working,  and  put  the  railway  compania*   in  possession  of  the 
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electnc  light  with  all  the  independent  advantages  of  the  existing 
lights,  and  with  as  many  more  as  can  be  given.  Train  h'gLting 
ia  an  expensive  item  in  railway  working,  and  there  is  a  fair  field, 
with  a  good  margin  for  profit ;  but  it  should  be  remembered  that 
the  great  competitor  will  be  gaa,  which  I  understand  is  about 
half  the  cost  of  the  system  of  lighting  by  oil  more  generally  in 
vogue  at  present. 

Up  to  (he  present  time  the  use  of  primary  batteries  for  electric 
lighting  has  not  yet  made  any  advance;  many  have  been  tried,  but 
the  continual  attention  they  require  will  be  a  very  serious  obstacle 
to  their  use,  even  if  their  eificiency  could  well  be  maintained. 

Accumulators,  or  secoiidiiry  batteries,  have  not  during  the  past 
twelve  months  made  any  great  strides,  but  I  believe  this  system 
will  have  a  great  future  before  it,  as  soon  as  a  battery  is  in  the 
market  that  can  be  relied  on.  Some  that  I  have  seen  and  tried 
require  little  or  no  attention,  and  after  three  years'  use  give  no 
signs  of  depreciation  in  the  materials.  Secondary  butteries 
appear  to  me  to  be  a  most  essential  element  in  electric  lighting : 
they  represent  the  gasometer  of  the  gasworks,  and  a  storage  of 
electricity  of  any  amount  of  current,  with  any  reasonable  amount 
of  elect ro-molive  force,  can  be  maintained  by  them,  and  given  out 
at  a  moment's  notice,  in  any  proportions  required. 

The  commercial  system  of  telegraphy  in  this  country  is  still 
rapidly  increasing,  so  much  so  that  the  Government  have  found 
it  necessary  to  enlarge  their  office  accommodation  at  their  great 
central  station;  and  not  only  has  the  business  increased  very 
considerably,  but  great  progress  of  late  years  lias  been  made  in 
the  efficiency  of  the  system  generally.  Lines  are  more  sub- 
itaotially  built  than  they  used  to  be;  are  better  looked  after; 
their  electrical  condition  is  more  carefully  maintained  ;  and  now 
that  the  telegraphs  of  the  whole  country  are  under  one  manage- 
ment (and  certainly  a  very  good  management),  opportunities  are 
afibrded  that  could  not  be  given  when  the  now  one  system  was 
divided  between  three  or  four  telegraph  companies,  in  making 
dQplicat«  or  alternative  routes,  ho  that  in  cases  of  accidents  the 
inconvenience  of  such  events  will  be  very  slightly,  if  at  all,  felt 
by  the  public.     The  reductions  in  the  rates  for  te\6gtiuii^"(i\ii.uo 
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doubt  be  tbe  meaas  of  bringing  a  very  considerable  addition 
the  present  large  number  of  messagea. 

The  pneumatic  tube  for  a  local  system  affords  a  ready  means 
for  the  transmission  of  mespagcB,  and  I  believe  it  is  contemplat 
to  extend   this  system  considerably,  especially  in   London   a: 
Liverpool     Additional   facilities  are,   I   hear,   to  be   given 
transmission  of  messages  to  the  Channel  Islands,  the  IbIb  of  Man,' 
and  other  outlying  islands.     We  see  continually  additional  wiri 
erected  on  tbe  railways  and  along  tbe  roads  ;  and  I  believe  I 
not  wrong  in  saying  that  about  26,000  miles  of  wire  are  likely 
be  soon  added  to  the  great  mileage  already  in  use.     This  mile- 
age is  divided  between  about  900  miles  of  new  poles,  and  60  to 
70  miles  of  underground  pipes,  and  additional  wire  on  existing 
poles.     The  "  sounder  "  instruments  seem  to  be  gaining  favour, 
and  the  old  system  of  audible  signals  introduced  by  Sir  C.  Brig 
is  rapidly  developing  in  a  new  form,  and  will  very  probably 
the  general  system  in  this  country,  as  it  is  in  America.     Fro: 
the  foregoing  it  will  he  seen  that  our  progress  is  great  and  rapid 
in  commercial  telegraphy;   and  the  more  general  its   use,   thi 
sooner  it  will  become  a  greater  necessity. 

In  our  Colonies  we  do  not  appear  to  be  making  many  eite; 
Bions.     I  hear  that  the  quadruples  system  is  being  introduced 
in  Australia,  which  indicates  an  increase  of  business  and  improve- 
ments there.     I  understand  that  the  Wheatstone  "  automatic  " 
now  being  introduced  in  America,  and  that  the  instruments  as  usi 
by  our  Post  Office  are  most  in  favour;  and  it  is  gratifying  tons  all 
feel  that  not  only  in  America,  but  generally  over  the  Continent^ 
our  systems  are  finding  such  favour,  and  that,  we  take  the  lead 
in  high-speed  apparatus. 

The  telephone  makes  steady  progress  in  this  country  and 
abroad,  hut  is  not  used  in  any  country  as  it  is  in  America.  Here 
this  probably  is  due  to  somft  extent  to  our  excess  of  boy  labo 
and  the  facility  with  which  a  messenger  or  commissionaire 
be  obtained,  our  rapid  means  of  transit,  and  moderate  cab  fares,' 
together  with  a  temperate  climate,  which  during  tbe  summer  is 
not  so  hot  as  to  nearly  melt  the  vitality  out  of  us,  and  to  make 
esercase  real!/  a  subject  of  serious  consideration. 
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Several  eiperimenis  have  lateljp  been  tried  in  this  countiy  with 
long-distaac«  telephones,  and  in  teatiog  the  "  Bell "  telephone  with 
these  it  was  found  that  it  possessed  advantages  that  were  not  so 
well  understood  before,  and  we  now  see  the  establishment  of  an 
exchange  in  Brighton  working  salisfactonly  direct  to  London; 
this  will  doubtless  lead  to  a  wider  sphere  of  action,  and  the 
further  development  of  exchanges  between  large  towns.  The 
daily  number  of  communications  made  in  London,  I  learn,  is  about 
fifty  thousand.  The  mileage  of  wire  erected  is  about  nine  thou- 
sand miles,  and  about  seven  thousand  instruments  are  at  present 
fixed.  There  are  twenty  exchanges,  but  most  of  the  subscribers  are 
business  men  or  commercial  linns,  and  it  is  scarcely  used  here  at 
all  for  domestic  purposes  and  individual  requirementi;,  as  it  is  in 
America.  I  fear  the  present  price  will  prohibit  its  use  for  such 
purposes.  The  great  convenience  of  this  invention  can  only  be 
felt  by  those  who  are  in  the  habit  of  frequently  using  it,  and  there 
is  little  doubt  that,  as  soon  as  the  Company  can  see  their  way  to 
ii  redaction  in  their  charges,  its  use  will  be  very  largely  increased. 
The  benefits  of  the  great  concessions  made  by  the  late 
Postmaster-General  with  regard  to  telephonic  communication 
till  no  doubt  do  much  for  its  extension.  The  prolonged  time 
for  the  licenses,  with  no  given  distances,  affords  freer  action  for 
iU  introduction;  and  the  release  from  royalties  upon  private 
vires,  with  the  opportunities  for  connections  with  post  offices, 
moat  undoubtedly  do  much  for  its  fature  progress.  Whether  it 
will  be  profitable  to  adopt  the  system  now  being  tried  in  France, 
Belgium,  and  America,  of  charging  the  general  public  so  much 
"per  chat"  for  so  many  minutes,  can  only  be  proved  by  trial. 

The  litigation  which  has  been  carried  on  so  long  as  to  the 
"Drawbaugh"  patent  in  America  is  at  length  settled  in  favour  of 
the  "  Bell  "  Telephone  Company,  and  is  only  another  case  showing 
the  enormous  amount  of  money  that  is  expended  in  settling  rights 
which  inventors  have  imagined  they  had  already  secured  by  paying 
the  requisite  fees  for  protection  ;  and  I  hear,  now  that  this  case 
is  settled,  another  action  lias  to  be  fought. 

The  "  Rysselberghe  "  system  for  getting  over  induction,  atiil 
rendering   oiQiaary^  telegraph  wires  fit  for  telephonic  \j\itnioseB, 
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without  any  interference  with  communication  passing  on  the 
former,  although  of  very  great  advantage,  has  only  been  applied 
as  yet  to  a  limited  extent. 

Improvements  in  the  system  of  tranamiesion  of  power  do 
not  appear  to  have  been  very  great,  and  but  little  has  been  added 
to  our  knowledge  during  the  last,  twelve  or  eighteen  months  in 
Ibis  direction.  The  experimenta  of  Mona.  Marcel  Deprez  between 
Creil  and  Paris  liave  not  as  yet  led  to  any  practical  result,  ir. 
spile  of  his  praiseworthy  persistence  in  them;  nevertheless,  of 
late  we  have  seen  many  attempts  to  utilise  the  power  of  elec- 
tricity for  locomotion.  Electrical  rail  and  tramways  have  been 
tried  both  at  home  and  abroad,  with  every  sign  of  progressive 
success,  and  the  practicability  of  the  ayatem  has  been  clearij 
shown  by  the  lines  that  have  been  so  worked  in  Paris,  Berlin, 
Frankfort,  Switzerland,  Brussels,  Ireland,  and  America ;  and  I 
bear  many  more  such  experiments  are  to  be  tried,  and  this 
system  will,  1  expect,  in  a  few  years  become  a  general  one,  and  cf 
great  convenience. 

Professor  Fleemirg  Jenkin's  system  of  teljiherage,  which  was  so 
lately  shown  on  an  experimental  scale,  is  now  beginning  to  grow 
into  use,  and  the  Tel])lierage  Company  appears  to  be  establishing 
this  system.  Tliey  have  improved  their  machinery  by  having 
now  a  break  and  governor,  which,  by  tests,  have  proved  satis- 
factory; and  they  also  are  in  a  position  to  accept  contracts  for 
the  erection  of  telpher  lines  for  the  transit  of  goods  and 
merchandise.  One  contract,  they  have  already  obtained  with  the 
Sussex  Portland  Cement  Company,  by  which  they  have  con- 
tracted to  deliver  two  hundred  tons  of  clay  per  week  for  twelve 
months.  The  length  of  the  line  is  about  one  mile.  Another 
negotiation  is  well  fonvard,  I  understand,  for  the  convey- 
ance of  slag  from  blast  furnaces  to  the  tipping  bank  j  and 
if  this  succeeds,  as  there  is  every  reason  to  believe  it  will,  large 
demands  for  telpher  lines  are  anticipated.  Many  enquiries  are 
being  made  from  the  Colonies,  but,  as  the  system  is  so  young,  the 
Company  are  wisely  desirous  of  having  home  experience  before 
they  send  any  of  their  apparatus  abroad.  One  circumstance  alone 
has  jaat  occurred  that  will  give  great  help  to  this  system,  and 
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that  is,  the  Telpiierage  Company  has  been  accepted  as  one  of  the 
Electric  Consolidation  in  the  United  States.  This  certainly 
looks  well,  and  I  mention  these  facts  to  show  that  another 
new  line  may  be  opening  for  electricians  that  may  need  the 
services  of  many  of  our  young  members ;  but  the  system  of  trans- 
ference of  power  for  longer  lines  and  heavier  work,  such  as 
railways  and  tramways,  will  have  a  strong  opponent  in  the  system 
of  working  by  accumulators: — the  former  presents  many  grave 
and  serious  difficulties,  and  the  loss  by  distance,  and  the 
want  of  a  good  system  of  a  lasting  insulation,  is  exceedingly 
detrimental  for  any  large  development  of  it;  but  in  the  latter 
system — that   of  accumulators — it   does  appear  a  more  simple 

^■ffocess  to  charge  and  carry  the  s(.ore  of  power  in  a  train  with  you. 

^^Breat  improvement.s  in  the  manufacture  of  accumulators  are  being 
toade,  which  will  weigh  in  their  favour  for  such  work.    Short  lines 

Ir  what  are  called  "  light  railways,"  between  stations  and  towns 
here  two  or  three  or  more  miles  may  separate  them,  could  easily 
e  made,  and  worked  electrically  by  either  of  these  systems,  where 
st4?am  is  objectionable,  and  considerable  convenience  by  them  may 
be  afforded  to  those  whose  residence  is  in  the  country,  and  some 
distance  from  the  railway  station. 

Kailway  telegraphy  continues  to  steadily  increase  and  progress. 
All  lines  of  any  importance  have  tbeir  complete  systems  of  block 
telegraph;  and  now  that  the  facilities  which  the  telegraph  affords 
^^o  the  working  of  railways  are  better  understood  by  the  rail- 
^Hray  authorities,  improvements  are  received  with  greater  interest, 
and  this  affords  the  telegraph  engineers  better  opportunities  and 
more  encouragement  to  continue  the  introduction  of  appliances 
which  liave  been  brought  forward  with  such  good  effects.  No 
one  who  has  not  had  experience  on  a  line  of  railway  can  form 
any  idea  of  the  care  and  attention  that  is  required  on  all  points 
connected  wilh'the  safe  working  of  the  traffic.  The  results  of 
what  has  already  been  done  by  electricity,  in  conjunction  with 
mechanical  appliances,  will  be  shown  by  the  figures  I  shall 
presently  give  you. 

The  following  applications  of  electricity  will  afford  io  somt 
extent  an  idea  of  its  vaiioas   capacities.      In    addvUon  to   tW 
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general  tbroiigti  and  local  circuits  for  the  ordinary  business,  tberi« 
is  the  "Block  system."    There  are  also  indicators  attached  to  thefl 
distant  signals  when  out  of  the  sight  of  the  signalman  who  norksfl 
them,  BO  that  he  may  see  hy  these  indicators  the  position  of  theW 
signal-arm  at  the  signal-post — whether  it  is  properly  up  at  the  I 
right  angle  for  "danger,"  whether  it  is  down  in  the  right  positioafl 
for  the  "all  right"  signal,  or  whether  any  contraction,  expansion,B 
or  breakage  of  the  wire  has  failed  to  place  the  arm  of  the  signal^ 
in  the   exact  position'  required.     These    instruments   also    show 
instantaneously  any  defects  that  may  arise  in  their  own  working^B 
As  this  apparatus  only  applies  to  the  day  signals,  and  as  it  is  just 
as    necessary    that  the  signalman   should    know  when    the  light 
for  night  signals  is  properly  burning,  there  are  lamp  indicators 
which  show   whether  the   lamp    is   "  in "   or  "  out."      At  level! 
crossings  where  there  is  much  road  trafGo,  electrical  indicator 
are  fixed  which  give  notice  to  the  gate-keeper  when  trains  ore 
leaving  the  station  on  either  side  of  him,  as  a  safeguard  to  botl 
railway  and  road  trafSc.     There  are  also  apphances  which  are  at 
tached  to  drawbridges  over  rivers  or  docks,  and  by  which  thai 
bridges  control  the  telegraph  in  t  he  working  of  these  systems.     It;] 
may  be  interesting  to  learn  how  this  is  accomplished.     An  absc 
lute  rule  is  made  to  ask  for  a  signal  for  a  train  to  he  allowed  tah 
proceed  over  these  bridges,  and  no  train  is  allowed  to  start  until 
the  proper  audible  and  visual  signals  in  reply  have  been  received  ;_ 
but  should  the   bridge   be  out  of  position,  a   reply  cannot 
returned,  as  it  is  only  when   the  bridge  is  quite  ready  for  thai 
passage  of  the  train  over  it  that  the  telegraphic  communication  j 
is  completed.     Tliere  are  likewise  appliances  which  are  fixed 
water  tanks,  communicating  with  the  man  at  the  pumping  station 
when  he  is  any  distance  from  it,  so  that  as  soon  as  the  tank  is 
full  the  water  actuates  an  apparatus  on  the  principle  of  a  ball-  , 
cock,  which  rings  the  bel!  at  the  pumping  station  as  an  iudioationj 
to  stop  the  engine,   thereby  preventing  waste.     These  can 
made  not  only  to  indicate  when  the  cistern  is  full,  but  also  when 
it  is  empty.    Similar  electrical  tell-tales  are  also  used  as  indicators 
to  gasometers,  showing  when  they  require  refiUing  or  are  full. 
lilectrical  appliances  to  convey  to  signalmen  situated  at  the  ondsl 
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of  large  station  yards  are  used  to  inform  them  which  trains  are 
coming,  and  from  which  platform  tliey  are  about  to  start,  so  that 
the  right  points  may  be  turned,  and  the  proper  signals  lowered 
for  the  train  to  proceed  ;  and  as  the  mpchanical  interlocking 
system  is  now  used,  very  givat  security  from  accidents  is  afforded. 
The  telephone  is  now  becoming  greatly  used  by  railway  eom- 
]iaDies,  and  on  some  tines  it  is  employed  between  the  signal  boxes 
at  many  places.  The  next  electrical  appliance  that  is  likely  to  be 
generally  adopted  is  the  system  of  electrically  locking  the  starting 
signals  from  one  station  to  another,  and  by  making  the  train  itself 
l>erfonn  the  duties  necessary  for  completing  the  signals  and  restor- 
ing the  electrical  L'ircuit  for  a  second  signal  to  be  sent.  By  this 
system  a  signalmnn  cannot  lower  his  starting  signal  for  a  train  to 
proceed  to  the  next  station  until  the  signalman  at  the  station  in 
advance  has  (in  reply  to  an  arranged  bell  signal)  unlocked  the 
signal  lever.  An  indicator  shows  when  this  is  done.  The  lock 
having  been  taken  off  enables  the  signalman  to  lower  the  signal, 
and  on  putting  it  again  to  "danger,"  after  the  train's  departure,  to 
protect  it,  he  cannot  lower  the  signal  for  another  train  to  follow 
until  it  is  unlocked  by  the  man  at  the  station  in  advance,  who 
is  unable  to  do  this  until  the  train  has  passed  a  point  selected 
oy  the  proper  authorities.  When  the  train  passes  this  spot,  the 
apparatus  in  the  signalman's  box  by  which  he  unlocks  the  signal 
at  the  station  in  the  rear  for  another  train  to  follow  is  reset  by 
the  deflection  of  the  rail  on  the  passing  of  the  train,  and  he  is  then 
enabled  to  use  it  again  as  required.  By  this  means  it  will  be  seen 
that  the  men  at  each  end  cannot  make  a  mistakeby  letting  a  second 
train  follow  while  the  first  is  in  the  section  and  is  itself  the  medium 
which  controls  the  action  of  the  men  at  both  ends  until  it  is  clear 
of  the  section.  In  applying  this  system  to  single  lines  it  has  to 
be  arranged  that  not  only  shall  one  train  not  follow  another 
nntil  the  section  is  clear,  but  that  no  train  can  be  started  in  the 
o]i[)oeite  direction,  and  this  is  very  satisfactorily  and  easily  provided 
for.  The  system  of  electrical  locking  can  also  be  applied  at  junc- 
tions, at  sidings  between  stations,  at  level  crossings  for  locking 
gates,  and,  in  fact,  in  many  other  ways.  At  jimctions  it  can  be 
»o  arranged   that,  no  matter  how  many  lines  converge,  only  one 
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train  at  a  time  can  be  allowud  to  approach  the  junction,  so  that 
when  a  train  has  been  "  accepted  "  none  of  the  signals  on  the  other 
lines  can  be  lowered  until  the  train  has  passed  the  given  point. 

There  is  also  a  very  ingenious  electrical  machine  for  working 
single  lines  of  railway,  which  consists  of  a  box  containing  tablets 
at  each  end  of  the  section,  and  it  is  necessary  for  the  driver  of  the 
train  to  have  one  of  these  tablets  before  he  starts :  it  is  given  by 
the  station  agent  to  the  guard,  and  by  him  to  the  driver,  so  that 
both  guard  and  driver  know  they  have  the  authority  to  start 
when  all  is  ready.  But  before  the  agent  can  get  one  of  these 
tablets  out  of  the  bos  he  has  to  communicate  to  the  station  in 
advance,  and  the  responsible  person  there,  by  sending  a  current, 
releases  one  of  the  tablets,  which  is  given  to  the  driver;  and 
before  another  tablet  can  be  released  at  either  station  for  a  train 
to  proceed  in  either  direction,  the  tablet  which  the  train  occupying 
the  section  possesses,  must  be  placed  in  the  box  on  its  arrival  at 
the  end  of  the  section  so  worked. 

By  these  various  appliances  it  will  he  seen  that  electricity 
plays  a  very  important  part  in  the  working  of  our  railways. 
Several  of  the  railway  electrical  engineers  have  introduced  useful 
appliances  of  various  kinds,  and  they  will  no  doubt,  by  their 
knowledge  of  both  railway  working  and  requirements,  together 
with  their  electrical  experience,  greatly  contribute  to  develop 
Buch  systems  which  will  further  tend  to  lessen  the  chances  of  the 
very  few  accidents  in  railway  travelling. 

I  find  by  comparative  returns  of  the  Board  of  Trade  between 
the  years  of  1873  and  1883  the  following  results,  and  for  which  I 
think  railway  telegraphists  may  claim  their  fair  share  of  the  credit 
due  to  such  improvements  in  the  safe  working  of  railways: — 

1S7S.  1883. 

Total    length  of   Line  open   for  traffic, 
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,  „  „         injured 


16,0B2 

]S,«81 

'i.j5,3S0,188 

088,718.137 

190,9&3,4fi7 

2CI!,362.968 

197,851,749 

2Ge,£Q7,S3e 

SS^  (          « 

u 

5-S  1      1M2 

£5£   (          29* 

68 1 

1895.]  VOTE  OF  THANKS.  SI 

These  figures  will  convey  to  yon  some  idea  of  the  great  responsi- 
bilities devolving  on  railway  directore  and  officen ;  and  when  we 
compare  the  numbers  of  jiassengera  carried  (nearly  six  hundred 
and  eighty-four  millions  in  a  jear_)  with  the  number  killed 
{fourteen)  and  injured  (five  hundred  and  eighty-four)  from  causes 
arising  beyond  their  own  control,  we  cannot  but  feel  great 
satisfaction  with  the  excellent  management  which  is  productive  of 
sudi  results, 

I  cannot  conclude  without  apologiaing  for  the  length  of  my 
address,  and  for  the  various  topics  it  treats  of.  My  object, 
however,  has  been  to  show  how  numerous  are  the  subjects  of 
interest  and  importance  to  our  profession  in  the  present  day,  and 
what  a  vast  field  they  offer  to  our  members,  both  in  remunerative 
ejnptoyment  as  well  as  in  scientific  research.  As  in  all  matters 
of  life,  there  is  no  successful  issue  without  hard  study  and 
1  lerseve ranee !  and  I  would  again  remind  the  younger  members  of 
my  audience  of  the  great  necessity  there  is  to  exercise  these 
Fjualities  to  the  utmost,  and  thus  ensure,  not  only  to  our  yociety, 
but  to  the  world  at  large,  those  unsjieakable  benefits  that  arise 
from  the  practical  development  of  science. 

Sir  Charles  Brioht  ;  I  wish  to  ask  you  to  give  a  very  hearty 
vote  of  thanks  to  our  President  for  the  address  which  he  has 
delivered  to  us.  The  actual  wording  of  the  vote  of  thanks  I  will 
give  to  you  in  a  few  moments.  It  happens  to  be  the  good  fortune 
of  this  Society  to  combine  within  it,  not  only  members  who  give 
Ihemselves  to  the  cultivation  of  one  branch  of  the  science,  either 
a6  philosophers  or  as  practical  men,  but  to  have  a  mixture  of  every 
representative  of  the  applications  of  electricity  among  us.  We 
have  had  the  good  fortune  to  have  a  man  whom  1  should  call  a 
philosopher  leaving  the  chair  just  now.  I  am  speaking  of  our 
friend  Professor  Adams.  And  I  do  not  call  him  only  a  philosopher, 
because  a  man  can  scarcely  be  &  philosopher  without  combining  in 
it  great  degree  a  knowledge  of  the  practical  applications  of  the 
Mence  to  which  he  is  devoting  himself.  Well,  before  that  we  had 
the  advantage  of  enjoying  the  presidency  of  my  old  friend  Mr. 
WiUougbby  Smith,  with   whom    I    have  had  the  ■p\eaa\i.tfe  ot 
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co-operating  with  in  various  works,  and  whose  friendship  I  have 
enjoyed  for  many  years.  Now  this  year,  agaiD,  we  have  our 
friend  Mr.  Spagnoletti,  who  has  given  us  an  address  that  has  some 
things  in  it  which  I  consider  very  remarkable,  and  beyond  the  usual 
scope  of  presidential  addresses,  because  he  gives  us  his  practical 
experiences  on  certain  points  which  I  consider  to  be  of  the  greatest 
value,  not  only  for  us,  but  to  be  put  before  the  public.  I  am 
referring  for  the  moment  to  the  things  of  which  he  has  been 
speaking  in  the  latter  part  of  hiB  address,  viz.,  the  provisions  for 
the  safeguard  of  individuals,  not  to  say  of  property,  in  the  appli- 
cations of  electricity  to  railway  purposes.  And  I  myself,  being 
engaged  very  many  years  ago  in  the  application  of  telegraphy  in 
this  country,  can  appreciate  perhaps  better  than  some  of  us  here 
in  this  room  the  development  of  the  apjjlication  by  railway 
telegraph  engineers  of  electric  signalling  systems  on  railways, 
through  which  I  may  aay  we  have  between  every  station  safe- 
guards (barring  any  accident  which  you  cannot  help  in  the  best 
appliancea  which  you  may  devise)  for  the  preser\-ation  of  life. 
We  have  Mr.  Spagnoletti,  our  President;  we  have  Mr.  Preece; 
we  bod  also  Mr.  Walker.  I  speak  of  these  names  as  being  the 
greatest  names  1  know  of  in  the  history  of  telegraphs  aa  applied  to 
railway  purposes,  who  have  done  their  best  to  preserve  ourselves 
and  our  families  while  travelUng  on  the  Unes.  But  I  fear  I  am 
making  my  remarks  a  little  too  long.  What  I  intended  to  say 
was  to  ask  you  to  give  a  very  hearty  vote  of  thanks  to  Mr. 
Spagnoletti  for  his  address,  and  I  heartily  congratulate  you  on 
having  him  as  the  President.  I  therefore  propose  "  That  the  beat 
thanks  of  the  Society  are  due  to  the  President  for  the  very 
interesting  address  jnst  delivered  by  him,  and  that  lie  be  requested 
to  permit  it  to  be  printed  and  published  iu  the  Journal  of  the 
Society." 

Professor  HroHPB:  Sir  Charles  Bright  has  fully  expressed 
our  appreciation  of  the  most  admirable  address  that  we  have 
heard  to-night — an  address  showing  the  vast  field  now  occupied 
by  the  practical  application  of  electricity,  and  giving  mtrf* 
valuable  information  as  to  the  conditions  necessary  to  success. 
It  therefore  gives  me  the  greatest  pleasure  to  second  the  vote 
'*" thanks  wbk-h  has  been  proposed  by  Sir  C\iaT\es  ftngV^,. 
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Professor  Arams  :  Oar  Presideat  has  brought  before  ua  some 
very  interesting  topics  in  hia  address.  Among  ofbera  was  one 
very  interesling  (jueHtioa^the  lighting  of  trains  by  electricity; 
for  our  President  assured  ua  they  ■would  be  lighted,  whereas  now 
there  may  often  be  some  donbt  whether  there  is  any  lighting  at 
all.  I  have  no  doubt  that  lighting  by  electricity  wilj  be  more 
costly  than  the  system  flometimes  adopted,  where  very  little  light 
ia  given.  There  was  also  one  other  point  in  the  address  whith 
touched  UK  all  very  closely,  and  that  waa  the  statement  by  Mr. 
Spagnoletti  that  the  electric  lighting  will  ensure  the  punctual 
departure  of  trains.  Xow,  those  who  have  been  accustomed  to 
travel  by  the  Inner  Circle  Railway  since  it  was  opened  would 
very  gladly  welcome  the  electric  light;  for  now  making  the  way 
more  easy,  by  sending  the  trains  all  round  the  circle,  seems  to 
have  had  the  effect  of  delaying  them  ten  minutes  in  a  twenty 
minutes' journey.  I  have  very  great  pleasure  in  putting  the 
proposition,  and  in  asking  that  the  address  be  allowed  to  he 
printed. 

The  resolution  was  cairied  uuanimously. 

The  pRESiBEXT ;  I  have  to  thank  you  very  much  for  the 
attention  you  have  been  good  enough  to  give  to  my  address,  and 
for  the  manner  in  which  you  have  received  the  kind  remarks 
made  by  Sir  Charles  Bright  and  Professor  Hughes,  in  proyKising 
and  seconding  a  vote  of  thanks  to  me  for  my  humble  efforts  to- 
oigbt,  and  for  which  I  thank  them. 

I  am  sorry  to  say  that  I  am  suffering  from  a  very  had  sore 
throat,  and  am  not  able  to  do  it  q^uite  the  justice  I  should  like 
to  have  done. 

I  am  requested  to  say  that  one  of  our  members,  Mr.  Alfred 
S.  Sennett,  is  very  anxious  to  obtain  information  with  regard  to 
deaths  or  accidents  that  have  resulted  from  electricity;  and  as  it 
is  difficult  for  him  to  tind  out  to  whom  he  can  apply,  I  name  it 
here,  so  that  any  gentleman  present  who  may  have  (or  may 
know  anybody  possessing)  information  on  the  subject,  will  oblige 
by  leaving  his  name  and  address  with  the  Secretary,  so  that  a 
oonmoxiication  may  be  sent  to  him.  I  believe  that  Mr.  Sennett 
is  preparing  a  pajier  in  conjanction   with  Dr.  Stone,  and  we  ma^ 
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hope  to  have  the  benefit  of  any  information  be  has,  and  that  can 
be  given  to  him,  and  I  am  Bure  that  such  information  will  be  well 
worth  our  attention. 

A  ballot  then  took  place,  at  which  the  following  were  elected : 

Foreign  Member: 
Professor  G.  F.  Barker. 

Mernber: 
J.  F.  Albright. 

Associates: 

Frederick  D'A,  Goold. 
Lieut.  H.  de  H.  Haig,  E,E. 

B.  McMuIlen. 
John  D.  Miller, 
F.  F.  Yeatman. 
GuatavHs  Tobel. 

James  Shepherd. 

StvAienta : 

C.  P.  Sparks. 
W.  H.  Wickham. 

F.  S.  Worsley. 


Major  T.  H.  Anstey,  E.E. 
Lieat.  J.  H.  Cowan,  R.E. 
W.  H.  Cottxell. 
Stanley  Currie,  B.A. 
Arthur  B.  Gill. 
Hartley  Gisbome. 


F.  Gordon  Jackson. 
William  F.  Madge. 


The  meeting  then  adjourned  until  Thursday,  12th  February, 
1885. 
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The  One  Hundred  and  Fortieth  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  WestminBter,  on  Thursday  evening, 
12th  February,  1885— C.  E.  Spagnoletti,  Esq.,  RL  Inst.  C.E., 
Preeidentj  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  President:  It  is  with  feelings  of  very  great  regret  that  I 
have  to  announce  (as  one  of  niy  first  duties)  the  death  of  a  gentle- 
man who  was  very  intimately  connected  with  telegraphy  in  its 
early  days,  I  refer  to  Dr.  Davey,  who  died  last  Sunday  in 
Malmesbury,  in  the  colony  of  Victoria.  I  dare  say  most  of  you 
are  aware  that  he  made  many  experiments  and  discoveries  in 
early  telegraphy,  although  his  meritorioua  efforts  were  not  well 
known  to  us  for  many  years  afterwanlM,  and  for  which  information 
we  are  indebted  to  Mr.  Fahie.  It  was  only  late  in  the  season  of 
last  year  that  the  Society,  in  order  to  recognise  those  efforts, 
conferred  on  him  its  honorary  menohershi;),  aud  I  am  sure  it  will 
be  a  matter  of  regret  to  us  all  that  he  has  not  lived  longer  to 
enjoy  it. 

The  following  Students  were  announced  as  having  been  trans- 
ferred to  the  class  of  Associates  : — 

Paul  Diraier  and  Alfred  E.  Ruddock. 

The  names  of  new  candidates  vere  announced  and  suspended. 

The  Secretary  announced  tliat  donations  for  the  Library 
Iiad  been  received  as  follows,  and  thanks  were  awarded  by  the 
meeting : — J.  Angelo  Fahie,  Member  j  K.  Von  Fischer-Treuenfeld, 
Member;  J.  A.  Berly,  Associate. 

The  Presipe.vt  ;  I  have  much  pleasure,  indeed,  in  stating  that 
the  Council,  considering  that  this  Society  is  the  representative 
of  electricity  and  electrical  engineering  in  all  its  branches,  and 
having  regard  to  the  very  slow  progress  that  electric  lighting  is 
making  in  this  country,  have  thought  it  not  only  desirable,  but 
necessary,  that  it  should  enquire  into  the  cause  that  is  impeding 
the  progress  of  this  branch  of  our  science.  For  this  purpose  a 
Committee  has  been  elected.  That  Committee  has  met,  and 
made  its  first  report  to  the  CouncU,  whicli  was    coi\sldeTei.  ani 
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ajiproved  to-nighl.  T!ie  Counoil  propose  to  send  this  to  tb 
Board  of  Trade,  and,  in  order  thiit  you  may  know  wliat  is  passing, 
the  Secretary  will  read  to  you  tUe  resolution  that  we  propose  fo' 
warding  from  the  Society,  with  the  hofie  that  we  may  be  able  t 
help  this  struggling  branch  of  our  science  against  some  of  thi 
difficulties  with  which  it  is  now  contending. 

The    Secretarv    then    read   the    resolution,  which    was 
follows ; — 

"Resolved    unanimously,    that    the    Society    of  Telegrap 
Engineers  and  Electricians  have  seen  with  regret,  that  since  tb 
passing  of  the  Electric  Lighting  Act  of  1882  public  lighting  b; 
electricity  has  not  made  that  advance  in  this  country  which  w: 
confidently   anticipated,   and    hence    there   has  not   been   that 
et.imulus    to    progress    in    many    of    the    branches    of    electrical 
science    which    might    have    been    expected,  judging    from    the 
history  of  submarine  telegraphs. 

*'  That  the  Society,  having  had  the  matter  under  careful  cou' 
sideration,  have  come  to  the  conclusion  that  the  restrictions  in 
the  said  Electric  Lighting  Act  have  in  a  great  measure  contributed,, 
to  check  the  advance  of  public  lighting  by  electricity,  and  the 
venture  to  request  the  President  of  the  Board  of  Trade  to  considi 
whether  the  said  restrictions  naay  not  be  modified  or  removed." 

Tlie  President  then  called  upon  Capt.  H.  R.  Sankey,  R.E., 

read  his  paper. 
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ON  SDME  EXPERIMENTS  IX  ELECTROTYPING  WITH 
A  DYNAMO-ELECTRIC  MACHINE,  CARRIED  OUT  AT 
THE   ORDNANCE   SURVEY  OFUCE,  SOUTHAMPTON^ 

By  Captain  H.  B.  Sankev,  R.E. 

About  a  year  ago  I  was  ordered  by  Colonel  Stotherd,  B.E^ 
Director-General  of  the  Ordnance  Survey,  to  carry  out  som4 
experiments  in  electrotyping  with  a  dynamo- electric  macliine. 
These  eiperiirients  were  brought  to  a  close  in  December  last ;  and, 
Colonel  Stothierd  thinking  that  there  might  be  some  points  oiH 
interest  to  this!  Society,  I  have  been  requested  to  prepare  a  short 
/taper  on  the  su^bject. 
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The  electrotype  process  Las  been  in  use  at  tlie  Ordnance 
Survey  OfBce  for  the  last  37  years,  to  jiroiluce  duplicates  of  the 
engiaved  copper  plates.  About  700  copies  can  be  printed  ofiF 
such  electrotypes,  but  as  a  rule  only  15  or  '20  copies  are  pulled 
off  at  one  time,  just  enough  in  fact  to  keep  pace  with  the  demand ; 
and  from  time  to  time  corrections  and  additionH,  such,  for 
instance,  as  new  railways,  are  made  on  the  duplicate.  It  follows 
that  the  electrotyjie  copper  must  be  of  such  a  quality  as  to  admit 
of  being  engraved  upon  with  ease — that  is,  it  must  be  homo- 
geneous in  texture,  without  any  trace  of  grit,  and  as  hard  as 
possible.  A  soft  copper  is  not  so  pleaeant  to  engrave  upon  as  a 
liard  copper,  and,  moreover,  the  plates  would  soon  deteriorate 
under  the  action  of  the  press.  The  process  of  backing  electro- 
's with  soft  metal  has  not  been  employed  on  the  Ordnance 
Survey,  and  the  practice  has  been  to  deposit  copper  until  the 
matrices  are  about  Vb  hich  thick  and  the  duplicates  J  inch  thick ; 
and  in  the  case  of  a  duplicate  it  is  necessary  that  the  deposit  be 
of  uniform  thickness  throughout,  to  enable  the  plate  to  be  passed 
1  lirough  the  press  at  a  uniform  pressiue.  Clearly,  also,  the  copper 
most  be  able  to  withstand  this  jiressurc.  The  plates  to  be 
deposited  upon  are  large,  probably  larger  than  usual  in  electro- 
type operations,  but,  on  the  other  hand,  the  surface  to  be  deposited 
upon  does  not  vary  considerably,  as  will  be  seen  by  the  following 

^B     From  the  preceding,  it  appears  that  electrotyping  as  |iractised 
^Kt    the    Ordnance   Survey    Office   is    subject   to    the   following 
conditions ; — ■ 

1.  The  deposited  copper  mnst  be  homogeneoUB,  7;W\ovA  gnV, 


Size  o(  Plntel, 

]' 

3"   X    1' 

10" 

) 

r 

9"   X   2' 

3" 

J 

2' 

2"  X  2' 

8" 

2' 

2"  X  3' 

3" 

2' 

4"  X  3' 

0" 

2' 

4"  X  3' 

4" 

3' 

0"   X   3' 

4" 

Area  to  be  depotited  apon. 


together 


6-2  1 

sq.  feet. 

5-8 

7-0 

7-0 

7-8 

1 0-0 

»     (r 

(rare.J 


ao 


1  XPEUIMENT8  IS  F.LEOTBOTrPING 


[Fub.  lllld 


I 


as  liard  as  possible,  and  capable  of  withstanding  the  pressure  ia' 
the  press. 

2.  Thick  deposits  are  required,  and  in  the  case  of  dupUcfttes 
the  deposits  must  be  of  uniform  thickness. 

3.  The  surface  to  be  deposited  upon  is  large,  but  does  not 
greatly  vary. 

The  old  method,  which  is  still  in  operation,  ful&ls  these  three 
conditions,  and  a  short  description  of  it  may  he  of  interest.  This 
method  consists  of  employing  one  Smee'a  cell  to  each  depositing 
bath.  These  cells  are  of  large  dimensions,  namely,  2'  4"  x  3'  3"  X 
fi' 0"  deep,  the  plates  are  a' 0"  X  2' 5",  so  that  there  is  about 
4'  6"  of  solution  below  the  bottom  of  the  plates ;  the  object  being 
that  the  zinc  sulphate  may  sink  below  the  plates  as  it  formSt. 
These  cells  require  frequent  "livening  up,"  and  every  three 
months  have  to  be  entirely  remade.  There  are  9  such  cells  in  ^ 
nae,  A  in  one  battery-room,  and  6  in  another,  and  the  work  con-^ 
neded  with  them  ia  very  onerous.  Each  bath  contains  either  1 
large  receiving-plate  or  2  small  ones,  mounted  on  a  board,  and 
of  course  1  dissolving-plate.  The  bath  and  its  cell  are  placed  as 
close  as  possible,  separated  by  a  thin  brick  wall,  and  leads  of 
7  No,  12  B.W.G.  copper  wire  are  used.  To  insure  a  uniform 
thickness  in  the  deposit,  the  plates  are  ]jlaced  horizontally,  and 
the  solution  is  kept  in  motion  by  rooking  the  baths.  It  has  been 
found  necessary  to  place  the  dissolving-plate  above  the  receiving- 
plate,  an  arrangement  which  has  the  diaad\-antage  of  allowing 
any  impurilies  there  may  be  in  the  disaolving-plate  to  be  pre- 
cipitated hy  gravitation  on  the  receiving-plate.  The  reverse 
arrangement  has  been  tried,  but  air-bubblea  form  on  the  receiving- 
plate  and  the  solution  crystallises  on  the  dissolving-plate.  Before 
being  placed  in  the  hath,  the  receiving-plate  ia  prepared  as 
follows ; — The  surface  is  cleaned  with  rotten-stone,  theu  with 
turpentine  to  remove  the  oil,  and  lastly  with  a  solution  of 
common  soda  and  slacked  lime,  after  which  the  separator,  con- 
sisting of  a  thin  wash  of  cynide  of  silver  and  of  iodine  dissolved 
in  alcohol,  is  applied. 

The  depositing  solution  employed  ia  the  ordinary  acidulated 
sviphate  flojution. 
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The  results  obtained  by  this  process  are  excellent,  and  the 

only  real  difficulty  is  in  procuring  copper  of  aufficieut  purity  for 

the  disaolving-plates.     It  is,  however,  an  expensive  process,  and, 

u  already  remarked,  the  work  in  connection  with  the  cells  is  very 

onerous.     Moreover,  the  cells  themselves  were  nearly  worn  out, 

the  lead  lining  being  eaten  through  in  many  places,  and  the 

slate   sides  attacked  by  the  acid.      It  was  therefore  decided  to 

experiment  with  a  dynamo  machine,  with  a  view  of  replacing  the 

cells  by  it.    Prior  to  my  being  placed  in  charge  of  the  electrotype 

ilepartcoent,  arrangements  had  been  made,  in  AaguBt,  1883,  with 

Messrs.  Elmore  to  carry  out  some  experiments  with  one  of  their 

dynamos.     A  plate  was  sent  up  to  I,<ondon  to  be  deposited  upon, 

but  the  result  was  unsatisfactory,  due,  it  was  said,  to  the  faulty 

preparation  of  the  receiving-plate.     Messrs.  Elmore  then  sent  one 

their  dynamos  to  the  Onlnance  Office,  Southampton,  and  with 

deposited,  in  the  6rst  instance,  on  one  plate:  the  resulting 

copper  was  granular  and  without  cohesion.    A  fiurther  experiment 

was  then  tried  by  depositing  simultaneously  on  10  plates,  but 

again  the  result  was   unsuccessful,  in  that  the  copper  was  not 

homogeneous.     The  result  was,  however,  so  far  an  improvement 

on  that  of  the  previous  experiments  as  to  warrant  the  purchase  of 

^^bbe  dynamo  with  a  view  of  carrying  out  further  experiments 

^Burselves,     Messrs.   Elmore's   experiments   came   to   a  close   in 

^^feeptember,  1883,  but  it  was  not  until  January,  1884,  that  any 

^^■irther  steps  could  be  taken,  when  I  was  ordered  to  continue  the 

experiments,  which  will  now  he  described. 
^^m  It  is  known  that  the  quality  and  texture  of  deposited  copper 
^^Bepends  on  the  rate  of  deposition,  or,  in  other  words,  on  the 
^^BeaBtty  of  the  cuiTent,  and  that.  If  the  deposition  be  very  alow, 
the  resulting  copper  will  be  hard  and  brittle;  hut  on  the  other 
bMid,  if  the  deposition  be  rapid,  the  cojiper  becomes  granular  and 
wanting  in  cohesion.  It  is  also  clear  that  if  thick  homogeneous 
leposits  are  required,  the  rate  should  not  vary  to  any  appreciable 
'extent  during  the  deposition.  Therefore,  to  fulfil  our  require- 
^^nents — 

^^K       1.  The  density  of  the  current  must  lie  between  certain  limits. 
^H       2.  The  cuireut  mast  be  kept  constajit  during  t\ie  depQsVUoii. 
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As  regards  tlie  first  condition,  no  published  information  could 
be  obUined  at  the  time  (lately  some  few  results  by  Mr,  Sprague 
have  been  found).  It  was  therefore  decided  to  measure  the 
current  flowing  in  our  existing  baths :  this  was  effected  by  means 
of  one  of  Garden's  ammeters,  and  it  was  found  that  in  different 
hatha  the  current  varied  from  23'4  to  26'4  amperes  on  plates  of 
V*7  square  feet  surface.  As  a  checlt,  a  small  plate  -j\  square  foot 
was  prepared,  and  copper  deposited  upou  it  by  means  of  a  current 
of  J  ampdre,  being  at  the  same  rate  as  27*7  amperes  on  the  large 
plates.  The  resulting  copper  was,  to  all  appearances,  the  same  as 
that  deposited  in  the  large  baths.  Moreover,  about  1^  lb,  of 
copper  is  deposited  on  an  average  in  24  hours  in  each  bath, 
which  corresjwnds  to  a  current  of  24  amperes. 

It  was  therefore  decided  to  so  regulate  matters  that  the 
dynamo  would  send  a  current  of  30  aiupiires  through  each  bath. 

To  fulfil  the  second  condition  of  keeping  the  current  constant, 
a  very  steady  high-speed  engine,  regulated  by  a  very  sensitive 
electrical  governor,  is  clearly  the  desideratum.  After  an  inspec- 
tion of  most  of  the  principal  liigh-speed  engines  now  manufactured, 
and  careful  consideration,  Willans'  high-six'ed  sis-cylinder  com- 
IK>und  expansive  engine  was  selected  as  being  the  best  suited  to 
our  requirements.  Mr.  Willans  had  also  just  patented  an  electrical 
governor,  and  the  engine  was  accordingly  provided  with  one  of 
these.  It  is  not  proposed  to  describe  this  governor,  as  Mr.  Willans 
has  submitted  a  paper  to  be  read  before  the  Institution  of  Civil 
Engineers.  Uoth  the  engine  and  the  governor  have  been  found 
to  work  admirably,  and  have  fulfilled  all  cxiiectations.  The 
governor  ia  exceedingly  sensitive,  and  yet  does  not  flutter ;  it  is, 
in  fact,  dead-beat. 

The  next  [xiint  for  consideration,  was  whether  the  depositing 
baths  should  be  arranged  in 

Parallel, 

Series,  or 

Combined  parallel  and  series. 
The  more  usual  arrangement  of  placing  the  baths  in  parallel 
did  not  appear  to  be  suitable,  owing  to  the  great  difficulty,  if  not 
praclicBl  impossibility,   of  regulating  the   current  in  each   bath 
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with    that  accuracy   required  for  our   work,   because  the  baths 

have  not  quite  the  same  resistance,  and  more  especially  because 

the  resistance  of  any  particular  bath  is  not  constant ;  so  that,  even 

^if  the  main  current  were  regulated,  the  current  in  any  particiJar 

^^■th  would  vary.     Moreover,  this  arrangement  was  adopted  by 

^Mesars.  Elmore  in  their  experiment  with  1 0  plates,  and,  as  already 

mentioned,  the  result  was  unsucceaaful. 

The  combined  arrangement  is  oi>en  to  the  same  objection, 
though  perhajH  not  to  the  same  extent.  An  far,  therefore,  as  the 
regulation  of  the  current  ia  concerned,  it  is  preferable  to  place  the 
baths  in  series ;  and  it  may  be  added  that,  this  arrangement  was 
recommended  by  Mr.  W'illans  when  the  question  of  winding  the 
^■glenoid  of  the  governor  was  discussed.  It  is  also  to  be  noticed 
^Tliat  incidentally  the  advantages  of  being  able  to  place  the  baths 
at  a  greater  distance  from  the  dynamo,  of  using  smaller  leads, 
and  of  having  less  difficulty  in  making  connections,  are  gained  by 
placing  the  baths  in  series. 

Accordingly  it  was  decided  to  adopt  this  arrangement  if  the 

fynamo  would  admit.     It  was  therefore  necessary  to  ascertain — 
\     I.  Kow  many  baths  would  be  required. 
I     a.  What  electro-motive  force  is  necessary  to  produce  a  current 
if  30  amperes  through  this  number  of  baths  placed  in  series. 
3.  Whether  the  dynamo  could  be  altered  ao  as  to  produce  tliis 
elertro-motive  force  and  30  ampdres. 
^M     To  calculate  the  number  of  baths  required,  it  is  considered 
^^Hiat  the  total  output  should  be  120  lbs.  of  deposited  copper  per 
week,  and  as  the  dynamo  will  work  about  44  hours  per  week,  it 

follows  that* 

30    X   44 


X    .      -3^^     =   120, 


IL  X  =  35  baths. 

F  To  ascertain  what  electro-motive  force  is  needed,  the  resistance 
of  a  depositing  bath  and  the  counter  electro-motive  force  of  a 
bath  must  be  known. 

=3 —  —  weiglit  of  copper  in  lbs,  deposited  in  one  huur  it  a  convenient 

a/a 
formula  derived  from  electro -chemic*!  «qaivalent  of  copper.    (p'QOaiAl  'b'S 
Laid  Rajl^gb.) 

vou  XIV.  3 
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The  resietanee  of  our  baths  is  too  small  to  be  measured  with 
accuracy  with  the  ordinary  Post  Office  pattern  Wheatstone  bridge. 
A  wire  bridge  with   sliding-contact  waa  therefore  made.     The 
Bliding-contact  moves  oq  a  German  silver  wire,  No.  9  B.W.G,, 
and  the  known  resistance  consists  of  three  German  silver  wires 
connected  in  parallel,  and  baving  a  resistance  of  exactly  O'Ol  ohm, 
A  reflecting  galvanometer  waa  used,  and  it  waa  found  possible  to 
measure  0-001  ohm  to  within  tuaabo  part  of  an  ohm.     All  the 
resistances  in  circuit  being  small,  it  was  necessary  to  use  a  low- 
resistance  cell,  and  one  of   the  depositing   cells   was  therefore 
employed.     A  commutator  waa  also  placed  in  the  circuit,  so  that 
the  current  through  the  bridge  could  be  reversed  at  pleasure,  in 
order  to  annul  the  disturbing  effect  of  the  polarisation  of  the 
bath  by  the  measuring  current.     The  bath  was  connected  to  the 
bridge  by  very  short  thick  leads,  and  as  the  bath  and  measuring 
cell  were  at  some  distance  from  the  tesf-rooni,  and  the  bridge  had 
of  necessity  to  be  as  near  the  bath  as  possible,  the  sliding-contact 
had  to  be  moved  by  an  attendant,  who  also  reversed  the  current 
by  means  of  the  commutator.     Communication  was  established 
by  means  of  signals  on  electric  bells.     Considerable  difficulty  was 
found  in  taking  this  measure  of  resistance,  and  the  results  were 
not  as  satisfactory  as  might   have  been  wished;,  they  sufficed, 
however,   for  all    practical   purposes.      The   average   of  several 
determinations  is  0'0t)87  ohm  with  plates  7"7  square  feet  area, 
and  3  inch  apart. 

The  counter  electro-motive  force  was  measured  by  noting  the 
deBection  produced  by  a  bath  on  a  reflecting  galvanometer  im 
mediately  after  the  depositing  cell  had  been  disconnected,  and  then 
noting  the  resistance  through  which  a  Daniell  cell  produced  the 
same  deflection,  the  g^^  shunt  being  used.  It  was  thus  found  that 
the  counter  electro-motive  force  varied  from  0-005  to  O-QIS  volt. 

It  therefore   appeara  that    each  bath    requires    an   electro- 
motive force  of 

30  X  0-0087  +  0-016  =  0-27fi  volt; 
10  that  the  total  electro-motive  force  required  is 

35  X  0-276  =  U-7  volts, 
or,  MBjr,  10  volta. 
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Before  mentioQing  the  experiments  carried  out  to  ascertain 
whether  the  dynatno  could  be  altered  eo  as  to  give  10  volta  and 
30  amperes,  it  will  be  as  nell  to  describe  the  dynamo  and  the 
apparatus  used  for  measuring  the  current  and  the  electro-inotive 
force  of  tbe  dynamo. 

The  dynamo  has  somewhat  the  appearance  of  an  ultemate- 
enrrent  machine :  its  armature  conaiata  of  a  disc  of  cast-iron 
r  6"  diameter,  on  each  side  of  which  are  fixed  10  coils  wound 
with  Xo.  7  B.W.G.  copper  wire,  and  having  each  a  resistance  of 
0-00297  ohm.  As  originally  arranged,  one  set  of  the  commutator 
segment  s  (alternate  segments)  were  connected  to  two  rings,  one  on 
each  side  of  the  armaturedisc,  but  insulated  from  it;  to  these  rings 
one  end  of  each  armature  coil  was  connected,  the  other  end  being 
connected  to  the  armature  disc,  which  in  its  turn  is  connected  to 
the  remaining  segments  of  the  commutator.  It  will  thus  be  seen 
that,  as  originally  arranged,  the  armature  coils  were  in  jmrallel,  so 
that  the  resistance  of  the  armature  was  very  low;  in  fact  it 
appears  by  calculation  to  be  0'000149  ohm ;  and  further,  that  the 
electro-motive  force  must  be  very  low,  being  that  induced  in  one 
coil.  The  field-magnet  coils  are  similar  to  the  armature  coils, 
but  larger,  wound  with  the  same  sized  wire,  and  each  coil  has  a 
resistance  of  0*0347  ohm.  These  coUs  are  fixed  to  the  cast-iron 
sides  of  the  dynamo,  and  the  armature  revolves  between  them. 
The  poles  on  each  side  .ire  alternately  nortli  and  Bouth,  and  a 
north  pole  of  one  side  faces  a  south  pole  of  the  other  side.  Aa 
originally  arranged,  the  field-coils  were  connected  in  combined 
parallel  and  series — that  is,  each  two  consecutive  coils  formed  a 
pair  connected  in  series,  and  these  pairs,  ten  in  number,  were 
plao^  in  parallel:  the  resistance  of  the  field  was  therefore 
fy  0-0*47  =  0-OO69  ohm. 

The  armature,  fields,  and  circuit  were  placed  in  aeries. 

It  will  be  observed,  since  the  ends  of  the  various  coils  can 
eMiIy  be  got  at,  that  by  joining  in  series,  or  in  combined  series 
and  parallel,  the  electro-motive  force  of  the  dynamo  can  be  in- 
<:r«ased  up  to  a  certain  amoimt.  It  is  also  iwssible  to  arrange 
Ibe  fields  in  shunt  with  the  circuit. 

The  commulftf^w  Is  not  merely  a  collector,  as  in  most  djuamoft. 
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but  actually  commutes  the  current ;  consequently  the  brushes  caa 
be  arranged  in  different  positions  on  the  commatator  so  long  as  they 
bear  on  alternate  segments.  Should  they,  however,  be  displaced, 
so  that  even  for  an  instant  they  bear  on  the  same  set  of  segments, 
they  will  begin  to  flare,  and  the  current  in  the  circuit  will  be 
considerably  reduced.  The  same  result  will  occur  if  the  points  of 
one  or  both  brushes  are  not  placed  eiactly  parallel  to  the  segmenta. 
A  very  small  deviation  from  the  true  position  of  the  brushes 
is  quite  sufficient  to  prevent  any  current  being  developed.  In 
consequence,  the  adjustment  of  the  brushes  bos  been  and  is  still 
the  greatest  difficulty.  At  first  they  had  to  be  adjusted  con- 
tinually, and  not  the  least  dependence  could  be  placed  upon 
them.  By  altering  the  brush-holders  and  making  them  more 
substantial,  better  results  have  been  obtained,  but  still  very  far 
from  perfection. 

The  measuring  apparatus  consisted  of — 

1.  A  current-meter  (Cardew's). 

2.  A  potentiometer. 

3.  A  Wheatstone  bridge. 

The  test-room  was  placed  at  some  distance  (20  yards)  from 
the  dynamo,  aud  the  current  was  conducted  by  means  of  leads 
made  of  7  No.  12  B.W.G.  copper  wires,  having  altogether  a  re- 
sist-ance  of  0*0069  ohm. 

A  coiled  iron  wire  resistance  was  introduced  into  the  circuit, 
by  means  of  which  0-92  ohm  could  be  placed  in  circuit,  proceeding 
by  differences  of  0'0058  ohm.  This  resistance  represented  the 
baths,  and  the  circuit  also  passed  through  Cardew's  ammeter. 

Poggendorff's  method  of  measuring  difference  of  potential  was 
employed,  and  the  electro-motive  force  of  the  dynamo  was  balanced 
against  that  of  2  Daniell'a  cells.  This  potentiometer  was  con- 
nected with  the  terminals  of  the  dynamo  by  thin  leads  of  No. 
20  B.W.G.  copper  wire. 

The  Wheatstone  bridge  was  of  the  ordinary  Post  Office  pattern, 
and  of  course  the  circuit  was  only  placed  in  connection  with  the 
bridge  when  the  dynamo  had  stopped  running. 

The  test  cells  employed,  both  with  Cardew's  ammeter  and  the 
potent iotaeter,   were   Daniell   cells,  having  two  porous  pots,  as 
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recommended  by  Captain  de  Wolgki,  R.E.  Both  porous  pots 
contain  zinc  sulphate,  and  the  zinc  element  is  placed  in  the  inner 
pot.  Aa  a  further  improvement,  a  thin  zinc  cylinder,  disconnected 
from  the  DDC  element,  was  placed  between  the  two  porous  pots,  to 
precipitate  any  copper  that  might  find  its  way  through  the  outer 
porous  pot.  Thia  cylinder  has  occasionally  to  be  changed  for  a 
clean  one.  The  electro-motive  force  of  these  cells  was  at  first 
measured  by  the  condenser  method  against  a  Latimer  Clark's 
standard,  but  lately  against  a  standard  Daniell,  made  up  with 
plaster  of  Paris,  and  it  may  he  mentioned  that  no  practical 
alteration  in  the  electro-motive  force  of  these  cells  has  been 
noticed.    Their  liquid  resistance  was  measured  by  Alance's  method. 

A  code  of  signals  was  established,  and  worked  on  single  stroke 
electrical  bells,  to  enable  the  dynamo  to  be  started,  stopped,  or 
the  speed  altered  by  signal  from  the  test-room. 

The  first  experiments  were  made  without  altering  the  original 
arrangement  of  the  dynamo,  but  it  was  found,  as  for  that  matter 
was  expected,  that  the  resistance  of  the  leads  and  connections 
(namely,  0*057  ohm)  was  too  great.,  and  only  a  very  small  current 
was  developed,  which  was,  however,  not  measured. 

The  armature  and  field-coils  were  then  placed  in  aeries,  when 
it  was  found  that  a  current  of  about  100  amperes  was  developed 

I  through  an  external  resistance  of  about  1  ohm  at  600  revolutions. 
The  following  arrangements  were  then  successively  tried : — 
a.  Armature,  fields,  and  circuit  in  series. 
;  (1)  Armature — two  sets  of  ten  coils  in  series,  the  two  seta 

being  in  parallel.     Fields  in  series. 
I  (2)  Armature  as  in  (1).     Fields — two  sets  of  ten  coils  in 

series,  the  two  sets  being  in  parallel, 
b.  Fields  placed  as  a  shunt  to  circuit. 
(1)  Armature  in  series, 
I  (2)  Armature — two  sets  of  ten  coils  in  series,  the  two  seta 

being  in  parallel. 
The  last  arrangement  was  found  to  be  the  most  suitable  for 
irar  purpose,  as,  in  the  first  place,  the  desired  electro-motive  force 
and  current  can  be  obtained  at  a  low  speed,  as  will  be  seen  by 
reference  to  the  annejfd  table;  and  secondly,  by  meana  oi  aa 
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alterable  resistance  placed  in  the  circuit  of  the  field-magneta 
current  and  the  speed  of  the  dynamo  can  be  kept  constant  whilst 
the  resistance  in  circuit  is  altered,  so  that  the  number  of  batt 
in  the  circuit  can  be  altered  to  suit  our  daily  requireuieuts  witl 
out  altering  to  any  great  extent  the  speed  of  the  dynamo.     Tb 
arrargeinent  was  therefore  adopted,  and  a  coiled  iron  wire  resist 
ance  was  made  which  allows  of  1'2  ohm  being  introduced  int 
the   field-magnet   circuit,   proceeding   by   0*06   ohm.      Aa   thus 
arranged,  the  resistance  of  the  armature  is  0'0297  obm,  and  tha 
of  the  field-magnet  coils  0-684  ohm. 

It  is  therefore  evident  that,  so  far  as  the  dynamo  Is  concerned 
there  is  no  reason  irhy  the  baths  should  not  be  placed  in  series. 

Accordingly  arrangements  were  made  to  wind  the  solenoid 
the  governor  so    that    the  whole  current  of   aliout  30    amperes' 
would  [lass  through  it,  the  solenoid  being  placed  in  series  with 
the  baths.     This  was  effected  by  winding  the  coil  in  two  halve 
placed  in  parallel,  the  total  resistance  being  O'Ol  ohm,  or  rathe 
more  than  that  of  one  hath. 

The  governor  was  then  fixed  and  adjusted  by  screwing  up  thfl 
spring  imti!  the  ammeter  showed  a  current  of  30  amperes  (nearly) 
Aa  already  mentioned,  this  governor  has  been  found  to  answe 
admirably.     At  first  the  spring  slackened  slightly,  and  so  reduce 
the  current.,  but  as  soon  as  it  had  taken  a  set  the  current  remained 
perfectly  constant,  with  the  exception  of  occasional  rapid  varia 
tions  of  small  amplitude  due  to  defects  in  the  brushes. 

Before  beginning  to  deposit,  it  was  necessary  to  ascertain  whicli 
terminal  of  the  dynamo  should  be  connected  to  the  receiving 
plate.  This  information  was  obtained  by  observing  the  direction 
of  the  deflection  caused  by  the  dynamo  on  a  galvanometer  placed 
in  a  shunt-circuit,  and  comparing  with  the  deflection  pi-oduced  oa 
the  same  galvanometer  by  an  ordinary  cell.  ^M 

A  condemned  plate  was  now  placed  in  one  of  our  ordinary 
horizontal  baths  and  was  deposited  upon  for  31j  hours,  the  place^_ 
of   the   remaining   baths   being  taken   by  the  coiled  iron   wir^| 
resistance  above  referred  to.     The  deposited  copper  was  removed, 
and  found  to  be  of  excellent  quality.  ^H 
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The  weight  deposited  was  1,076  gnmuneB,  which  corresjionds 
to  28-7  amperes,  using  the  latest  determination  of  the  electro- 
chemical Etjvivalent  of  copper  by  Lord  Rayleigh,  viz.,  0'003281. 
According  to  Cardew's  galvanometer,  the  current  during  the 
deposition  was  29'2  atnpdree. 

It  was  observed  that  the  back  of  the  deposited  copper  was 
finer  in  grain  than  that  deposited  at  the  same  rate  by  the  Smee 
cells.  It  was  thought  that  this  apparent  contradiction  to  the 
law  that  the  quality  of  the  cojjper  depends  on  the  rate  of 
deposition  could  be  accounted  for  on  the  supposition  that  the 
current  from  the  Smee  cells  is  variable,  and  this  supposition  is 
borne  out  by  the  fact  that  nmnerouB  bubbles  of  hydrogen  are 
continually  rising  in  these  cells,  but  not  by  any  means  at  a 
uniform  rale,  so  that  it  appeared  probable  that  the  internal 
resistance  and  even  the  electro-motive  force  are  continually 
varying.  It  was  therefore  surmised  that  deposits  suitable  for  our 
purpose  might  be  obtained  with  the  dynamo,  using  a  greater 
current  strength  than  30  amperes.  To  test  this,  the  condemned 
plate  above  referred  to  was  reduced  in  size  so  as  to  increase  the 
density  of  the  current,  and  the  results  obtained  were  as  follov 
(the  governor  was  re-adjusted  and  the  current  increased  to 
30'5  amperes.): — 
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Taking,  therefore,  the  2'  4"  x  3'  4"  plates  as  a  standard,  it 
appears  that  the  current  can  be  increased  to  at  least  50  amperes. 

Since  the  above  was  written,  some  experiments  have  been 
made  to  ascertain  whether  there  ia  any  variation  in  the  current 
from  the  Smee  cells,  but  no  appreciable  oscillation  in  the  current 
or  in  the  electro-motive  force  could  bo  detected,  only  a  gradual 
and  very  slight  diminution.  This  matter  therefore  appears  to 
require  further  research. 
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These  deposits  were  made  in  a  vertical  bath.  In  the  first 
experiment  (on  the  plate  of  5  square  feet)  the  solution  was 
intentionally  allowed  to  remain  undisturbed.  The  resistance 
gradually  increased,  but  the  governor  Itept  the  current  constant 
until  the  throttle-valve  waa  completely  open,  when  of  course  the 
cuirent  began  to  fall  off. 

An  india-rubber  tube  was  now  inserted  in  the  bath,  and  air 
blown  in  by  means  of  a  small  foot-bellows;  the  large  bubbles  of 
air  in  rising  displaced  the  solution  and  very  soon  equalised  its 
intensity.  It  is  therefore  hoped  that  it  will  be  possible  to  use 
Tert-ical  baths,  at  aoy  rate  for  matrices,  the  advantages  gained 
being  simplicity  in  construction  and  leaa  space  occupied  than 
with  horizontal  baths. 

Whilst  the  above  experiments  were  being  carried  out,  a  matrix 
was  laid  down  in  one  of  the  horizontal  baths,  with  the  intention 
of  producing  a  duplicate  suflicieutly  thick  to  print  from;  this 
intention  was,  however,  not  carried  out,  as  it  wax  found  that 
without  doubt  the  dynamo  could  produce  aa  good  copper  as  the 
batteries;  and  on  the  10th  December,  1884,  Colonel  Stotherd, 
R.E.,  iJirector-General  of  the  Ordnance  Survey,  authorised  the 
batteries  being  replaced  by  the  dynamo.  The  experiments  were 
thns  brought  to  a  close,  and  preparations  are  now  being  made  for 
the  contemplated  change, 

PosTscRiFT  TO  Paper  os  ELECTROTVPiNCi  iMTo  A  Dynamo-electric 

Maguine  at  TiiE  Ordnance  Survey  Office. 

In  the  discussion  on  the  paper  Prof.  Forbes  questioned,  and 
Mr.  Crompton  advocated  the  arrangement  of  the  baths  in  series  as 
applied  generally  to  electrotyping  operations.  It  is  to  be  observed 
that,  in  the  ease  of  the  electrotyping  at  the  Ordnance  Survey  Office, 
copper  of  a  special  quality  is  required,  and  that  therefore  the  regu- 
lation of  the  current  is  the  paramount  consideration  ;  and  in  such 
a  case,  when  the  size  of  the  plates  to  be  deposited  upon  does  not 
greatly  vary,  there  can  be  no  doubt  that  the  series  arrangement  is 
the  best,  perhaps  the  only  one.  The  current  must  be  regulated 
directly,  and  not  by  regulating  the  volts,  as  in  the  case  of 
incandescent  lighting. 
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It  does  not,  however,  at  all  follow  that  the  series  arrangement 
is  the  best  in  all  cases.  For  instance,  in  electro-plating,  where 
goods  of  all  sizes  and  shapes  have  to  ba  deposited  upon,  and  the 
density  of  the  current  (within  certain  limits)  is  of  secondary  con- 
sideration, the  arrangement  in  parallel  is  to  be  preferred.  I'he 
question  raised  in  the  discussion  was,  however,  in  connection  with 
depositing  copper  in  large  quantities,  and  on  this  question  the 
following  calculations  are  submitted  for  consideration ; — 

It  18  assumed  that  the  texture  of  the  copper  ia  not  of  the 
utmost  imjiortaucc,  so  that  the  accurate  regulation  of  the  current 
does  not  enter  into  the  case  ;  at  the  same  time  such  a  regulation 
can  only  be  of  advantage. 

Supposing  that  it  were  required  to  construct  a  dynamo  capable  of 
depositing  2G  lbs.  of  copper  per  hour,  assuming  the  following  data: 

Anodes  and  cathodes,  10  sq.  ft.  each,  and  '2  in.  apart. 

Resistance  between  an  anode  and  corresponding  cathode, 
0-02  ohm. 

Counter  E.M.F.,  0-05  volt. 

Density  of  current,  10  amperes  per  aq.  ft. 

Now,  whatever  arrangement  be  adopted,  the  current  between 
a  pair  of  plates  will  be  10  x  10  =  100  amperes,  and  consequently 
the  weight  of  copper  deposited    on  each    cathode   in  one   hour 

is  So-i  =  0'26  lbs.,  so  that  the  number  of  pairs  of  plates  required 

Arrangement  in  Parallel. 
The  current  required  in  the  mains  will  be  100  x  100  =  10,000 
amperes,  and  lo  carry  this  current  10  leads  of  copper  rod,  each 
1-13  inch  diameter,  are  needed.  One  rod  could,  however,  be 
dropped  every  10th  anode.  The  resistance  of  these  leads,  sup- 
posing them  200  feet  long,  will  be  found  to  be  0-00034  ohm,  and 
that  of  the  depositing  baths  0-0002  ;  total  0'00054  ohm.  Hence 
Diff.  pot.  terminals  of  dynamo  =  5-4  +  0-05.* 

=  5-45  volts. 
Watte  in  mains         =  54,500. 

•  Oouater  £  JI.P, 
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Arrangemenia  in  Series. 

In  this  case  the  current  in  the  mains  will  be  100  amp^rea, 
and  if  the  leads  are  supposed  to  be  300  feet  long,  and  made  of 
0'5  inch  copper  rod,  the  resistance  in  circuit  will  be — 
BiitU».  Ijiaiir,  Ohms. 

iM)         +         0-025         =         2-025 
Hence 

Diff.  pot.  terminals  of  dynamo  =  202-5  +  5-0." 

=  207-5  volts. 
Watts  in  mains  =  20,750. 

Arrangemenia  in  Combined  Parallel  and  Senes. 

Suppoeiog  10  anodes  and  cathodes  arranged  in  parallel,  and 
these  groups  arranged  in  series,  it  will  be  found  that  a  current 
of  1,000  amperes  and  a  difference  of  jrotential  at  the  terminals  of 
the  dynamo  of  22-6  volts  are  required,  and  that  the  watts  iu  the 
mains  =  22,600.  Similarly  it  will  be  found  that,  if  5  pairs  of 
plates  are  arranged  in  parallel,  thus  forming  20  groups  in  series, 
500  amperes  and  43-1  volfca  are  required. 

From  the  above  it  appears  that  the  arrangement  in  parallel  is 
(electrically)  the  least  economical,  and  the  reason  is  that  the 
resistance  of  the  leads  i^i,  proportionately  to  that  of  the  baths, 
tDUch  greater  in  this  case  than  in  the  others.  To  reduce  this  loss 
tx)  the  same  amount  as  in  the  arrangement  in  series  would  require 
leads  of  1,360  square  inches  area  at  the  dynamo,  gradually  re- 
ducing to  136  square  inches.  It  is  also  to  be  observed  that  the 
least  defect  in  the  connections  of  the  leads  with  the  dynamo  would 
reduce  the  output  to  an  enormous  extent.  Thus  the  arrangement 
in  parallel,  apart  from  the  question  as  to  whether  a  dynamo 
producing  a  current  of  10,000  amperes  could  at  present  be  easily 
constructed,  does  not  appear  to  be  a  practical  arrangement. 

The  arrangement  in  series  is  the  most  economical,  but  the 
number  of  separate  baths  iiisiilated  from  each  other  and  the 
number  of  connections  (three  to  each  bath)  might  be  considered 
excessive.     Moreover,  it  was  assumed   that  the   plates  were  of 

•  Counter  E.M.F. 
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equal  area.  Should  this  not  be  the  case,  the  arrangement  in 
series  would  not  be  easily  applied;  for  if  the  strength  of  the 
current  were  adjusted  for  the  largest  plate,  the  density  of  the 
current  would  be  too  great  for  the  smaller  plates. 

The  disati vantages,  both  of  the  arrangement  in  parallel  and  of 
that  in  Beries,  can  be  got  rid  of  by  some  combined  arrangement 
(not  necessarily  either  of  those  mentioned  above);  and,  although 
these  deductions  of  courfe  only  apply  strictly  to  the  case  of 
depositing  26  lbs.  per  hoar,  it  is  thought  that  in  many  cases  a 
combined  arrangement  will  be  found  practically  the  best. 

List  of  Articles  shown  at  tbe  Meeting. 

Samples  of  copper  deposited  by  Messrs.  Elmore. 

Samples  of  copper  deposited  during  experiments  mentioned  in 
paper,  with  current  densities  of  3-6,  4-34,  6-1,  7-6,  and  10*0 
amperes  per  square  foot. 

Matrix,  of  one  inch,  new  series,  part  of  London. 

Willans'  electrical  governor. 

Standard  Daniell  cell,  plaster  of  Paris." 

Daniell  cell,  with  two  porous  pots. 

The  President  ;  We  are  much  indebted  to  Captain  Sankey  for 
his  very  interesting  paper;  and,  as  I  think  it  is  the  first  time  that 
the  subject  has  been  before  the  Society,  I  hope  we  may  have  it 
discussed  very  fully.  There  is  one  thing  that  Captain  Sankey 
referred  to  that  struck  me,  and  that  was  with  regard  to  the  purity 
of  the  plate  to  be  decom[>osed.  In  the  Paris  Exhibition  of  1881 
I  saw  some  plates  that  had  been  deposited  by  a  Siemens  machine. 
These  plates  were  about  4  feet  by  3  feet,  and  about  1  ^  inches 
thick,  and  were  of  pure  copper,  and  certainly  they  were  most 
beautiful  specimens  of  pure  copper.  Close  to  these  were  displayed 
the  dynamo  machines  from  which  these  plates  had  been  made; 
and  I  remember  tbe  armatures  of  these  machines,  instead  of  being 
wrapped  with  coils  of  wire,  were  simply  bars  of  copper  about  half  an 
inch  to  three-quarters  of  an  inch  square.  While  I  was  looking  at 
them,  Mr.  Wallace,  from  America,  who  did  a  large  amount  of  work 

*  Tbeie  cells  can  be  olrtDtnctl  from  Unui.  CucIIil. 
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in  electrotyping,  was  with  me,  and  veiy  much  admired  the 
Epedmeiis  of  copper.  But  he  told  me  that,  vrithout  wishing  to 
make  any  boost  of  what  they  did  on  the  other  side  of  the  Atlantic, 
these  machines  were  really  quite  babies  to  what  they  were  using, 
and  that  the  amount  of  deirasit  tliey  had  within  the  hour  was 
something  enormous.  I  am  afraid  really  to  quote  his  figure,  but 
it  was  so  large  that  it  quite  made  me  stare.  He  told  me  that  he 
was  nnder  contract  to  supply  the  United  States  Government  witli 
a  wire  to  run  round  \ew  York  (it  was  to  be  a  steel  wire  coated 
with  copper,  to  give  4  ohms  resistance  per  mile),  and  that  he  was 
under  contract  to  supply  a  wire  from  New  York  to  San  Francisco, 
to  give  2  ohms  per  mile  resistance.  In  order  to  convey  to  my 
mind  the  rate  at  which  this  deposit  was  put  on  the  wire,  he  said 
that  this  wire  continually  flowed  through  the  bath  without 
intermission  at  a  moderately  slow  speed,  and  that  the  deposit  was 
even  and  well  put  on.  If  any  gentleman  present  has  had  any 
experience  on  this  subject,  and  can  give  us  any  information,  I  am 
sore  we  shall  be  very  pleased  to  liear  him. 

Mr.  H.  Crookes  :  I  should  like  to  say  a  few  words  about  some 
experiments  1  made  a  few  months  ago,  in  depositing  copper  on  a 
small  scale.  The  dynamo  at  my  disposal  was  a  rather  powerful 
one,  giving  about  150  volts.  The  first  experiment  I  tried  was  by 
connecting  the  cell  in  aeries  with  a  high  resistance  to  the  dynamo ; 
and  although  I  had  enough  resistance  to  reduce  the  E.M.F.  to 
about  '7  volt,  the  deposit  was  powdery,  and  could  be  brushed  off 
with  the  finger,  although  it  was  made  slowly.  I  next  tried 
another  method,  which  I  can  best  explain  by  sketching  it  on  the 
blackboard.  V>  is  the  dynamo.  It  is  a  resistance  of  German  silver 
wire  absorbing  H8  volta,  r  is  a  rheostat  with  a  sliding-contact,  so 
that  all  or  any  part  can  be  put  in  circuit  at  will — it  absorbs  the 
other  two  volts ;  C  is  the  depositing  cell,  through  which  flows  a 
small  current  shunted  off  the  main  at  A  and  B.  It  is  obvious 
that  if  the  whole  of  r  ia  in  circuit  ve  get  a  difference  of  potential 
of  two  volts  at  the  two  sides  of  the  cell,  whereas  if  only  half  r 
in  circuit  we  get  one  volt  in  the  cell,  and  bo  on ;  and  as  r  ia 
pf  low  resistance,  and  is  parallel  to  the  cell,  only  a  small  current 
ses  through  the  cell.     With  tbia  arrangement  1  got  verj  ^qqA 


4e 


ESPEBIfttENTS  ra  ELEOTROTYPIHG,  Etc.       [Feb.  lit 


reBults,  the  beat  being  with  about  '65  volts,  when  the  oopp 
deposited  was  quite  malleable.     It  may  be  of  interest  to  some 


point^H 


know  that  I  uaed  a  KuhmkorfF  coil  connected  in  the  same  manne 
the  series  method  being  well  known  to  be  of  no  use. 

Professor  Forbes  :  I  should  like  to   ask  Captain  Sankey  one 
question.     He  told  us  that  after  some  previous  experiments  theyfll 
came  to  the  conclusion  that  they  ought  to  deposit  their  copiier  in 
series,  instead  of  in  parallel.     Now,  it  is  a  very  intereating  point 
and  we  all  know  that  a  number  of  people  have  been  working 
make  dynamos  with  enormous  quantity ;  and,  for  my  own 
1  have  been  feeling  rather  proud,  I  must  confesa,  of  having  in-^ 
troduced  a  dynamo  which  gave  a  larger  current  than  had  eve^^ 
been  produced  before,  viz.,  3,000  amp6res ;   and,  in  aome  wayj^l 
most  of  UB  have  been  under  the  impression  that  for  d epos i ting-work 
a  very  large  current  and  small  resistance  were  required.     Now, 
Captain  tiankey  tells  ua  that,  from  his  own  experience,  we  ougbb 
to  pat  all  the   cells   into   series.     You,  Sir,  in  speaking  from 
the  chair,  have  told  us  about  the  experiments  of  Messrs.  Siemena^| 
with  their  large  enormous-quantity  machine,  and  I  would  simply^^ 
ask  the  question  of  Captain  Sankey,  whether  those  plates  whie 
were  shown  in  the  Paris  Exhibition  of  1881,  which  many  of 
visited,  could  have  been  so  produced,  or  whether  be  has  actuallj) 
seen  in  practice  copper  produced,  on  hia  plan,  at  the  same  rate  . 
it  was  produced  by  those  very  large  "quantity"  machines.  [Captain 
Sankey  replied  in  the  negative.]     I  would  further  wish  to  know 
whether  it  is  a  mistake  to  try  and  make  large  "quantity"  machines 
•depositing.     Certainly  it  baa  always  been  thought  up  to  thai 
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present  time  that  if  we  were  to  deposit  a  too  of  copper  a  day,  or 
aDythiog  like  that,  we  required  a  large  "quantity"  machise,  and 
that  the  disadvantage  of  having  depositing-batha  in  series  is  very 
great ;  but  the  disadvantage  is  not  so  apparent  in  Captain  Sankeys 
application  of  it  as  it  would  be  in  the  case  of  a  copper  retiner'a 
application  of  it,  because  all  that  Captain  Sankey  wanted  to  get 
was  a  good  deposit  for  his  printing-plate,  whereas  a  refiner  of 
copper  wants  to  get  as  large  a  mass  of  pure  copper  as  he  can, 
and  these  are  probably  very  diiferent  cases,  and  very  likely  my 
guestton  is  utterly  irrelevant. 

You,  Sir,  have  also  made  some  remarks  about  Professor  Wal- 
lace's practice  in  America,  and  from  what  you  said  I  suspect  that 
you  are  unaware  of  the  sad  fate  that  has  come  over  those  works. 
The  contract,  I  regret  to  say,  just  before  I  left  America  last 
summer,  had,  I  beard,  absolutely  fallen  through.  The  money 
which  hod  been  expended  upon  it  by  Professor  Wallace  was 
utterly  lost,  and  the  whole  of  those  enormous  lead  tanks  and 
gigaotio  dynamo  machines,  which  jou.  Sir,  were  perfectly  right 
in  saying  were  simply  eclipsing  the  Siemens  machines,  or  any 
deposit  of  copper  which  had  ever  been  produced  in  the  world 
before — the  whole  of  these  dynamo  machines  and  the  whole  of 
these  tanks  are  simply  being  sold  for  old  lead  and  old  wire.  ! 
met  one  of  the  gentlemen  who  Imd  been  with  Professor  Wallace 
in  connection  with  the  whole  of  this  work,  in  Philadelphia,  and 
he  almost  cried  when  he  described  to  me  the  condition  of  affairs. 
It  seemed  to  me  such  a  sod  thing  that  so  splendid  a  piece  of  work 
had  fallen  through. 

Str.  W.  H.  Walenn  confirmed  Professor  Forbes'  report  re- 
ganliug  the  failure  of  the  American  Company,  whose  contract  for 
coating  telegraph  wires  according  to  certain  conditions  had  fallen 
through.  Certain  experiments  under  his  instructions  had  been 
c»rried  on,  resulting  in  the  production  of  an  adherent  and  soft 
coating  of  copper  on  the  wire,  which  meets  the  requirements 
at  once,  without  wanting  annealing  afterwards.  He  expressed 
eurprise  that  Captain  Sankey  had  got  so  esqnisite  a  deposit  from 
the  ordinary  electro-coppering  solution  (one  pound  of  cupric 
lulphate  and  one  pound  of  mlpLuric  acid  to  the  gaWon  of  vsaWt^. 
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Doubtless  this  was  due  to  the  discovery  Captain  Sankey  had  made 
of  arranging  the  troaghs  in  seriea ;  not  that  this  had  not  been 
done  before,  but  that,  to  Mr.  Walenn's  knowledge,  it  had  not  been 
done  with  a  view  to  get  the  best  deposit.  The  ordinary  electro- 
coppering  solution  gives  usually  an  intractable  botryoidal  deposit, 
somewhat,  as  if  the  copper  were  laid  on  parallel  to  the  surface  to 
be  coated,  like  mortar  on  to  a  brick.  Mr.  Walenii  had  found  (see 
Philosophical  Magazine  [4],  ili.,  41,  January,  1871)  that  the 
deposit  was  improved  by  the  addition  of  one  ounce  of  zinc  sulphate 
to  the  gallon,  aa  recommenced  by  Xapier ;  also  that  (see  Specifi- 
cation of  Patent  No.  3,930,  a.d.  1868)  the  further  addition  of  a 
few  drops  per  gallon  of  carbon  disulphide  ensured  the  deposit 
being  vertical  to  the  surface,  instead  of  being  parallel  thereto. 

Mr.  CromftOS  :  This  subject  is  destined  to   become   an  ex- 
tremely important  one  to  the  new  industry  of  the  manufacture  of 
dynamo-electric  machinery,  which  will  owe  a  great  deal  to  Captain 
Sankey,  for  he  ia  the  first  person  who  has  given  us  information 
on  electro-deposition  of  metals.     I,  in  common  with  many  other 
makers  of  dynamo  machines,  have  been  very  anxious  to  gather 
practical  information  on  this  sabject.     We  want  answers  to  the 
very  questions  which  have   been   put   this  evening — aa  to  the 
advantages   of  using   dynamos   giving    enormous   currents   and 
extremely  low  electro-motive  force  over  those  of  more  ordinary 
construction.      In   \\'ales,   in   the   smelting  district,   where  an 
enormous  quantity  of  copper  is  being  dealt  with,  there  are  one 
or  two  large  works  where  slabs  of  refined  copper  are  obtained  by 
electro-deposition,  and  the  pure  copper  so   obtained   has   been 
largely  used  by  us  for  the  winding  of  our  dynamo  machines.     I, 
in  common  with  others,  have  wished  to   manufacture  dynamo 
machines  suitable  for  this  porpose,  but  I  have  never  been  able  to 
obtain  any  information  as  to  what  their  requirements  really  are. 
They  did  not  know  the  difference  between  an  ampfire  and  a  volt. 
They  knew  they  had  a  machine  which  gave  a  good  deal  of  trouble 
with  the  brushes,  and  that  they  would  like  something  better.     I, 
in  common  with  the   Chairman,  have  Been   and  admired   the 
magnificent  machinea  of  Messrs.  Siemens  in  the  Paris  Exhibition, 
and  wondered  at  the  very  special  machines  then  shown ;  but  I 
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have  nerer  underetood  why  a  more  ordinary  type  of  oftchine 
ooold  not  be  used,  and  I  have  been  delighted  to  hear  from  Captaia 
Sankey  to-night  that  a  machine  with  higher  E.M.F.  has  been 
succesfifully  used.  To  me  it  appears  perfectly  evident  that  a 
machine  such  as  he  describes,  of  highier  electro-motive  force, 
if  it  is  placed  any  distance  from  the  room  where  the  baths  are 
placed,  must  require  far  less  costly  connections  and  conductors 
than  the  machine  of  large  currents  and  low  E.M.F,,  and  the 
further  the  machine  is  placed  from  the  baths  the  more  this  will 
be  felt.  I  hope  Captain  Sankey  will  put  us  still  further  in  his 
debt  if,  when  the  process  is  carried,  out  on  a  larger  scale,  as  he 
has  told  us  it  is  about  to  be,  he  will  give  ns  another  i>aper  with 
additional  quantitative  results ;  and  I  think  if  he  chooses  to  avail 
himself  of  the  more  improved  appliances  that  we  can  now  give 
him,  he  will  not  have  any  more  of  the  trouble  he  has  described 
with  the  brushes  of  the  machine,  or  from  overheating  and  such- 
like matters,  whicb  are  now  well  understood  and  have  been 
successfully  dealt  with. 

Mr.  Adasis  :  I  beg  to  a.sk  whether,  under  the  system  of  currents 
in  series,  polarisation  is  caused  to  any  considerable  extent,  and 
whether  the  resistance  of  the  bath  is  deranged  thereby  ? 

Professor  AvRTox :  The  author  of  the  paper  says  that  he  found 
that  100  watts  were  necessary  to  deposit  1  lb.  of  copper  per  hour, 
though  he  mentioned  that  Messrs.  Munro  and  Janiieson  spoke  of 
305  watts.  But  of  course  the  number  of  watts  required  to  deposit 
any  |»rticular  quantity  of  copper  depended  mainly  on  the  resist- 
ance of  charge  in  the  electrolytic  bath.  The  opposing  electro- 
motive force  here  mentioned  ia  only  "016  volt,  whereas  the  actual 
number  of  volts  employed  was  9  volts,  so  that  the  mere  opposing 
electro-motive  force  in  the  bath  is  hardly  worth  considering.  Now, 
nearly  the  whole  of  the  work  done  in  an  electrotyping  or  electro- 
plating bath  is  done  on  overcoming  the  resistance  of  the  various 
baths  and  is  spent  producing  heat ;  hence,  of  course,  if  the  plates 
are  very  near  together,  as  it  appears  they  were  in  this  case,  the 
waste  of  power  in  heating  is  very  small,  so  that,  as  Captain  .Sankey 
hae  told  ua,  only  100  watts  are  required  to  deposit  1  lb.  of  copper  per 
hour.     If  the  plates  could  have  been  made  still  larger  and  nearer, 
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a  less  number  of  watts  would  be  required,  and  therefore  it  is  not 
Burprising  that,  with  plates  probably  smaller  and  further  apart, 
Meaars.  5Iunro  and  .Tamieson  found  305  watta  were  required.  I 
have  no  doubt  that  when  the  baths  are  made  with  larger  plates 
Captain  Sankey  will  require  to  employ  only  from  60  to  70  watts. 

Mr.  D.  C,  Bate:  I  would  ask  Captain  Sankey  if  I  am  correct 
in  understanding  that  the  resistance  of  the  armature  was  -0297  to. 
If  so,  'G8-1  at  seems  very  low  for  the  fields.  I  have  endeavoured 
to  listen  to  the  various  speakers  whilst  calculating,  and  may  there- 
fore be  in  error.  As  far  as  I  can  nee,  the  estemal  resistance  was 
2'63  ID,  including  leads  and  bjiths ;  there  was,  therefore,  over  3*8 
times  more  current  in  the  fields  than  in  the  external  circuit,  that 
is  about  29  amperes  in  the  external  circuit,  and  something  like 
100  through  the  fields,  necessitating  a  much  higher  E.M.F.  than 
stated.  However,  even  with  11  volts  the  current  exceeded  15 
amp^rea.  Sir  William  Thomson's  rule  makes  the  correct  external 
resistance  about  14  w,  or  the  equare  root  of  the  sum  of  armature 
and  shunt  resistance.  Professor  Silvanus  Thompson's  rule,  that 
there  should  be  400  times  the  resistance  of  the  armature  in  the 
fields,  makes  over  11  oi  as  the  correct  resistance  of  shunt  t^  get 
the  beat  result  from  the  dynamo. 

Note. — In  conversation  with  Captain  Sankey  after  the  meeting, 
I  learned  that  there  was  an  additional  resistance  of  "85  w  in  the 
shunt  circuit,  which  of  course  rendered  his  statement  as  to  the 
current  through  it  approximately  correct. 

Mr.  Kapp  ;  There  is  one  point  I  should  like  to  bring  before 
the  meeting  with  a  view  to  clear  it  up,  that  is  the  question  of 
counter  electro-motive  force.  It  seems  to  rae  that  the  whole 
success  of  depositing  by  means  of  machines  turns  simply  on  this 
question. 

We  can  reduce  the  influence  of  resistance  in  the  leads  by 
putting  the  baths  in  series  and  thus  have  a  very  small  loss, 
but  counter  electro-motive  force  is  a  thing  we  cannot  get  over, 
and  the  figures  of  Captain  Sankey  are  so  extremely  low  that  I 
should  be  delighted  to  have  them  confirmed.  I  have  made  some 
experiments  by  placing  ten  cells  in  series,- — only  small  cells, — 
contain'mg  a  copper  cylinder  inside  and  a  copper  cylinder  sur- 
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rounding  it,  filled  with  sulphate  of  copper  which  waa  kept  at 
BatoT&tioii  by  having  a  little  copper  basket  on  the  top  of  the 
gmail  cylinder,  which  was  kept  filled  with  crystals  of  sulphate  of 
copper;  and  I  first  measured  the  resistance  of  these  ten  cells 
coupled  up  in  series,  reversing  the  currents  through  a  Wheat- 
stone  bridge,  and  found  it  to  be  a  certain  figure — I  forget  what. 
Then  I  sent  currents  through  it  varying  from  1  to  15  and  up  to 
30  amperes,  and  measured  the  potential  at  the  terminal  of  this 
row  of  cells.  The  method  of  doing  this  waa  rather  rough,  and  the 
result^  therefore,  did  not  agree  very  well.  One  reason  for  this 
may  be  that  the  density  of  currents  varied  between  wide  limits, 
and  the  counter  electro-motive  force  varied  from  -07  to  -09  volt. 

.Mr.  Roberts:  It  would  be  very  interesting,  I  think,  if  Pro- 
fessor Forbes  could  tell  ua  whether  the  failure  of  the  Ansonia 
Company  was  due  to  their  being  unable  to  deposit  the  coating  of 
copper  on  the  steel  core  at  a  cost  which  would  enable  them  to  sell 
the  wire  for  telegraph  purposes,  or  if  the  failure  of  the  company 
was  doe  to  any  other  difficulty  connected  with  the  manufacture  of 
the  compound  wire.  I  am  aware  that  this  is  not,  strictly  speaking, 
the  question  under  discusision ;  but  as  reference  has  been  made  to 
the  extensive  apparatus  the  Ansonia  Company  had  for  depositing 
copper  on  iron  wire,  I  may  perhaps  be  allowed  to  remark  that 
when  Mr.  Preece,  about  fifteen  months  since,  read  a  paper  at  the 
Inititution  of  Civil  Engineers,  on  "Electrical  Conductors,"  a  gentle- 
maa  who  was  interested  in  this  company  erhibited  some  samples 
of  their  compound  wire.  Thecopper  was,  I  think,  about  14  gauge, 
and  the  steel  core  about  18  gauge,  and  we  were  told  that  it  was 
So.  4  wire  drawn  down  to  that  gauge — that  ia,  on  a  No  8  steel  core, 
oopper  was  deposited  until  the  diameter  was  increased  to  No.  4 
B.W.G.,  and  it  was  then  drawn  down  to  the  size  I  have  mentioned. 
A  good  deal  of  doubt  waa  expressed  at  the  meeting  aa  to  whether 
it  was  possible  to  prepare  a  wire  in  that  way,  viz.,  to  draw  down  a 
No.  4  copper  wire  with  a  steel  core  to  No.  14  or  15,  owing  to  the 
jirocess  of  anneabng  copper  and  annealing  steel  being  totally 
different.  Copper,  as  all  members  present  are  aware,  is  annealed 
ij  its  being  heated  and  plunged  in  cold  water,  and  steel  by 
ill  being   heated   nod  cooled  alowly.     The  Ansonu   Compaoya 
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tepreBentative  at  the  time  told  ns  that  the  wire  was  so  drawn,  and 
that  it  was  annealedduring  the  drawing,  but  he  was  not  ahle  to  tell 
as  how  it  was  done ;  and  I  am  afraid  that  nobody  was  really  quite 
convinced  that  it  was  done.  Perhaps  Professor  Forbes  can  tell  us 
whether  the  failure  of  the  comjjany  was  due  to  any  difficulty  of 
this  sort,  or  to  the  cost  of  depositing  the  copper  on  the  iron  core. 

Professor  Fohbes  :  I  can  answer  for  it  that  that  was  not  the  case. 

Professor  Ayrtos  :  I  should  like  to  answer  one  question.  It 
is  difficult  to  see  how  any  such  electro-mot  ire  force  as  '9  volt 
would  be  produced  in  a  cell  consisting  of  sulphate  of  copper  and 
two  similar  plates  of  cojiper,  because  the  current  multiplied  by  the 
electro-motive  force  measures  the  energy  stored  up  per  second  in 
the  cell  in  some  fonn  of  chemical  action.  Now  there  is,  practically, 
no  energy  stored  up  in  an  electrotyping  cell.  You  start  with 
copper,  sulphate  of  copper,  and  copper,  and  end  with  the  same 
amount  of  each  of  the  same  substances.  In  fact,  the  work  done 
in  Bending  a  current  in  any  cell  may  be  divided  into  two  parte — 
first,  the  work  required  to  overcome  the  resistance  and  spent  in 
heating  the  cell;  secondly,  the  work  expended  in  producing 
chemical  action,  as  in  the  accumulator ;  but  if  you  take  two  plates 
of  the  same  material,  and  end  with  that  same  substance,  then  the 
energy  would  have  disappeared,  and  therefore  it  seems  almost 
certain  that  the  opposing  elettro-niotive  force  must  be  extremely 
small.  I  find,  also,  mentioned  by  Mr.  Sprague  a  very  great  confir- 
mation of  what  Captain  Sankey  has  said,  Mr.  Sprague  says,  in 
his  treatise,  that  the  E.M.F.  is  -02  volt ;  Captain  Sankey  finds  it 
•016,  almost  the  same.  If,  however,  the  action  is  carried  on  so 
rapidly  that  water  is  decomposed,  and  hydrogen  and  oxygen  are 
liberated,  then  the  opposing  electro-motive  force  may  be  much 
greater  than  -02  volt. 

Mr.  PfiKECii :  I  think  I  can  answer  the  question  that  was  last 
put,  as  to  the  cause  of  the  failure  of  the  comjiany  in  America  to 
carry  out  this  large  proce'is  of  depositing  cop]>er  on  a  steel  core. 
I  was  at  Philadelphia  with  Professor  Forbes,  and  at  the  Phila- 
del]ihi-i  Exhibition  there  was  a  very  fine  display  of  this  compound 
wire, — various  sizes,  some  very  large,  others  rather  small, — and 
there  was  a  ri^rj  j'ntelJigent  Araerieau  geutlcraau  exhibiting  this 
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lay.  He  told  me,  not  knoriug  me,  in  reply  to  my  enquiriea 
as  to  whether  the  process  was  largely  used  in  America,  that  the 
company  belonged  to  the  Postal  Telegraph  Company,  which  was 
in  the  hands  of  Mr.  Mackay;  further,  that  the  baths  were  all 
being  destroyed  because  .Air.  Mackay  had  been  persuaded  by  some 
one  in  England  that  thin  wires  were  better  than  thick  wires,  and 
at  Mr,  Edison  disagrees  with  that  person.  I  told  him  that  I 
■■was  that  man,  and  that  1  had  pointed  out  to  Mr.  IVIackay  that  he 
could  get  i>recisely  the  Bame  strength  and  precisely  the  same 
conductivity  with  hard-drawn  copper  of  much  smaller  size  than 
he  got  with  this  compound  of  steel  and  soft  copper  on  the  outside ; 
and  the  result  is  that  Mr.  Mackay,  like  moat  of  the  telegraph 
companies  in  America,  is  now  doing  as  we  are  in  England — uaiug 
hard-drawn  copjier,  without  damaging  it  with  the  inteqiosition  of 
a  rteel  core  or  anything  else. 

I  may  also  add  that  there  is  a  very  great  distinction  to  be 
tlrawn  between  copper  deposited  for  commercial  purposes  and 
eopjter  deposited  oa  plates  for  engra\-ing  in  the  mode  in  which 
tngmving  ia  carried  out  at  the  Ordnance  OtKce  in  Southampton, 
The  copper  manufacturers  are  ansious  to  deposit  copper,  not  in 
ounces,  or  in  pounds,  but  in  toTis  per  week;  and  it  was  only  last 
week  that  one  of  the  leading  wire  manufacturers  in  this  country 
nid  he  wanted  a  machine  that  would  deposit  copper  at  the  rate 
of  twenty  tons  a  week.  Now,  at  Southampton  they  require  to 
[iroduce  these  very  large  plates  for  their  maps,  and  I  do  not  know 
that  in  all  my  experience  I  have  ever  seen  a  prettier  operation 
carried  out  than  that  of  depositing  copper  slowly,  uniformly,  and 
quietly  in  this  way  that  you  see  here,  so  as  to  take  up  every 
delicate  line  and  every  delicate  tracing  on  the  original  matrix. 
This  is  a  matrix  which  Captain  Sankey  uses  on  a  small  plate,  and 
it  is  necessary  to  deposit  the  copper  here  so  regularly,  and  so 
equally  and  perfectly,  that  there  shall  be  nothing  but  the  very 
smoothest  and  the  very  clearest  surface ;  and  I  recommend  every 
one  of  you  after  the  meeting  to  come  and  examine  these  plates 
for  yourselves.  You  will  tind,  not  only  that  these  lines  are  most 
faithfully  produced  on  the  face,  but  that  they  are  actually  carried 
through  the  whole  exterior  of  the  copper,  and  appear  at  t\ie  \iwiV 
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as  well.     Therefore  I  say  this,  that  there  is  no  hope  for  manufaoJ 
tarere  using  Mr.  Crompton'u    machines,  beeaase  they  want   td 
deposit  copper  at  the  rate  of  tons  per  week  ;  and  there  is  no  hope 
for  Professor  Forbes,  on  the  other  hand,  getting  his  enormona 
machine  into  use  at  Southampton,  for  there  they  want  to  do  wha 
has  been    done    quietly  and    gently  by  the    aid  of   small   eel 
machines.     But  each  has  his  proper  field  to  work  in,  and  ther 
is  room  for  both. 

Capt.  Sankey  :  With  reference  to  Mr.  Crookes'  experiment 
with  a  dynamo,  I  think  the  reason  the  copper  was  dejwsited  in 
powder  in  the  first  instance  is  that,  the  E.M.F.  being  100  volts, 
he  must  have  got  a  great  density  of  current,     1  have  just  roughly 
worked  out  what  the  density  of  the  current  was  in  Mr.  Crooke 
second  experiment,  that  shown  on  the  board,  and  it  apjiears  to 
about   4  amperes    per  fitjuare  foot.     Now   this   plate   here   wa«1 
deposited  with  4'34  anjperes  p«r  square  foot,  so  that  the  reason  he 
obtained  good  cop]ier  in  the  .second  experiment  is  very  evident.    J 

As  regards  the  question  of  depositing  in  series  or  in  parallel, 
raised  by  Prof.  I'orbes,  that  question  has  been  so  ably  answered  by 
Mr.  Preece  that  I  think  there  is  nothing  more  for  me  to  say. 
may,  however,  add  that  the  eleetrotyping,  as  practised   at  the 
Ordnance  Survey,isratherdifferent  from  what  is  done  in  the  trade, 
and  it  is  also  to  h-j  remembered  that  elect rotyjiing  is  quite  different 
from  electro-plating.     In  the  case  of  the  latter  only  a  thin  coat 
ing  of  metal  is  required,  which  is  moreover  generally  burnished" 
but  in  our  case  the  deposited  jilates  have  to  he  J  in.  in  thickness, 
and  it  is  necessary  the  copper  should  he  of  a  uniform  quality. 
Therefore  it  is  necessary  that    the  current  should  be  perfect!] 
constant,  and  for  the  reasons  given  in  the  paper  it  is  tliought  that' 
putting  the  baths  in  series  conduces  to  a  constant  current   fa 
better  than  putting  them  in  parallel. 

As  regards  the  solution  question  asked  by  Mr.  "Walenn,  th^ 
solution  we  use  is  the  ordinary  acidulated  sulphate  of  copj>er  solu- 
tion. It  is  made  up  thus: — 10  sulphate  of  copper,  30  water,  and 
and  1  sulphuric  acid  by  weight ;  but  is  then  only  used  to  dilub^H 
the  solution  in  the  baths,  which,  through  evaporation,  becomes  too 
dense,  and  when  it  reaches  about  a  density  of  1,180  it  is  tbinnc 
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down  by  the  solution  thuii  prepared.  I  do  not  profess  to  eay  that 
it  is  the  best  solution  for  electrotyping,  bat  it  has  been  used  at 
Soatliampton  for  years.  I  projKise  to  make  experinients  with 
various  solutions  ultimately. 

As  to  the  point  raised  by  Mr.  Crompton,  of  the  distance  the 
baths  could  be  placed  from  the  machine,  I  may  mention  that  the 
dynamo  machine  we  have  wae,  ae  originally  arranged,  supposed  to 
be  able  to  work  a  bath  forty  feet  away,  and  the  leads  had  to  be  one 
inch  diameter  of  copper.  As  the  dynamo  is  at  jiresent  arranged, 
the  fiirthest  bath  could  be  placed  100  yards  or  more  away  from 
the  dynamo,  using  leads  of  seven  strands  of  No.  12  B.W.G.  copper, 
without  considerable  loss. 

Aa  regards  the  resistance  due  to  polarisation,  from  what  I 
gather  from  Mr.  Sjirague  (as  stated  in  Munro  and  Jamieson's 
"Pocket-book"), the  jwlarisation  is  due  to  the  difference  in  density 
of  the  solution  against  the  two  jilatea :  near  the  dissohing-plate 
it  will  be  denser  than  near  the  receiving-plate.  In  our  baths, 
otdng  to  the  rocking  motion,  these  densities  are  probably  nearly 
equalised,  and  this  would  account  for  the  low  counter  electro- 
motive force  in  these  baths  (0-005  to  0-016). 

Mr.  Bates  questions  the  proijortion  between  the  resistance  of 
the  armature  and  that  of  the  fields.  Nn  doubt  the  ijroix>rUon 
does  not  agree  with  the  rules  he  gave ;  but  it  should  be  remem- 
bered that  this  dynamo  was  not  constructed  for  a  shunt  dynamo : 
it  was  one  that  had  to  be  altered,  and  it  was  not  jxissible  to  make 
the  proportion  between  the  resistance  of  the  armature  and  that  of 
the  fields  correct.  As  to  the  current  in  the  fields,  I  think  he  said 
150  amperes.  He  must  have  made  a  mistake  in  bis  calculation : 
it  really  is  about  9. 

I  may  add  that  I  have  made  preparations  to  carry  out  a  series 
of  experiments,  which  1  hope  to  conimence  shortly,  in  electro- 
typing  with  copper,  to  find  out  really  what  kinds  of  copper  are 
deposited  with  ditferent  densities  of  currents ;  and,  in  response  to 
Mr.  Crompton's  request,  shall  he  very  pleased  to  place  the  results 
before  this  Society  at  some  future  meeting. 
The  following  paper  was  then  read : — 
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THE  WORKING  OF  RAILWAY  SIGNALS  AND  POINTS  BY 
ELECTRO-MAGNETS,  AND  CONTROLLING  THEM,  IN 
CONJUNCTION  WITH  A  COMPLETE  BLOCK  SYSTEM, 
EFFICIENTLY  AND  ECONOMICALLY  BY  A  CURRENT 
FROM  A  PRIMARY  OR  SECONDARY  BATTERY.' 

By  iLUua  A.  TiMMis,  M.Iii3t.M.E. 

The  discussion  on  the  foregoing  paper  was  adjourned  antil 
Thursday,  the  26th  February,  188C,  and  the  paper  and  discussion 
will  appear  in  the  next  number  of  the  Journal. 

A  ballot  then  took  place,  at  which  the  following  were  elected: — 

Member: 
A.  F.  Matveieff. 


Aaaociatea : 


Thomas  Newton  Andrews. 
Charles  Butler  Clay. 
James  I^aw  Crawford. 
Alan  Dan  vers. 
Ernest  Danvers. 
E.  T.  Dawson. 


Frank  E.  Elmore. 
William  C.  C.  Hawtayne. 
Sydney  F.  Huxley. 
George  Nichol. 
Captain  H.  R.  Sankey,  RE. 
George  William  Selby. 


William  Henry  Snell, 

Studejit : 
Chas.  A,  Baker. 
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ACCESSIONS  TO  THE   I.IBRAllY  TO   FEB.  20,  1883. 

Bl  ALrRRD  J.  F&otTi  rUrariiin. 

(  Works  mnrtril  that  (•)  Iturt  fnen  puirjiiift'i-) 

{  IVor^  marttd  ikat  (ft  n^i"  prtaenled  iij/  JoHK  Avlmrb,  Esq.,  Mrmblr, 

Local  Hon.  Sec.  far  Pan:') 

IS    PAttT(CULiRLT    BEQUEfilKl)   Tn*T  UKUIIKIIB  WILL   l-URtltNT  Clll'lEB  OV  THBW 
WOBK«  TO  TIIK  MUniRV   IB  SUOX  Xt   rOtSIBLB  Al'rtU  fLIILlL' ATION. 

Ac&dflJUie  dea  Sciencea.  diups  <1b  foudrc  ubtiervfii  eu  France  penduit 
leKcond  semrnli'c  ill:  I'Annt-e  1SS3.  4lo.  17  |>p.  [Ext.  dut  ConpUt 
Bendut  dii  Sianeei  dn  VAcadcmie  del  Scitt.caa,  I.  XCVIII.  Sconce  du 
7  Avril,  ISSl.]  Farit,  leSi 

—  Ooaps  He  f.iudre  olKerviia  en  Prnnce  i>endaiil  le  premier  semsBtre  de 
)'antic«  1883.  4to.  IS  |ip.  [Ext.  dcH  Complei  Rmdui  d»  Siinioii  d« 
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it  Chaimfet,  A'umerD  da  Uai,  1hS3.]  Fari$,  1B82 

American  Bell  Telephone  Co.  '■■  The  People's  Telephone  Oo.    l"  Equity. 

UpmiLiii  uf  Judge  WhU:i<.'i'.     Diu,      4U  |i|),  Ntio  Fori-,  1881 

[Pitsenieil  by  tlic  Aniertcun  Bell  TelaphonH  Ou.] 

t  Bails  ('I.  B,]  D^tcrminittioii  dc  rohm.  Etude  de  la  m^thode  de 
i'limartisMtment  des  aiiiiiiiits.  Svu.  41  pp.  [Exi.  des  AimaUi  Tfit- 
ynjthtguei.  MarB-Avril,  IStH.]  Parii,  1884 

•  Baudonln    [F.]      ObsiTvatiuu»   sur   le   mode    d't'taMissemenl    dcs    LigoeB 

'1  i-lrgrajiUiques  stius-muriiiB,      Hvo.    31  pp.  Partf,  1668 

t  Baudonin  et  Dlgney  Freres.    Perfeciiomii'ments  appiirtss  k  la  trans- 

mitfE<i4ii    uuiijiEiariqu*.'    tk'S    iit^unux     iL'ltgrRphiquea   de    Morw).     8vo. 

ta  pp.    I'lale,     [£xc.  clu  Iliillctin  (I»  la  Prim  Scunlf^qua.]         rorii,  18U 
Bfll.    [>'i''«  Preecolt.] 
Bendt  [  ride  Masrart,  De  NerTiUe,  et  Benoil.) 

Bttlj  [J.  A.]  lTnivera;il  Electrical  Directory  and  Advertiser.  The  Else, 
trician'*  "  V[ide  Mfcum,"  rontaiiiiiiB  a  complete  rcooril  of  all  the 
induatriea  connected  directly  ov  indirectly  with  Electricity  and  Mag- 
cetiain.  and  the  names  and  addreauB  of  manufacturera  in  EnijUnd, 
etc    8v.>.    217  ^  -223  t  113.  Ltnulon,  1BS6 

Blackwood  [Wm.J  Ek'^triciljin  Abdciminal  Diiorden.  Bto.  &ftxi.  ^\t« 
Utdifol  SmIU/4*.     Vol.  VI.    Ho.ia.    Bee]  Phaodalphia,  wa^ 


n 


AC0ESSION8  TO  THK  LI  BEAKY. 


t  Blavier  [E,  E,]     Kiuda  des  CouiunU  TelluriqueB.    *W.    30  pp.    Parit,  IBH 

BoBBcha.    [ride  Bsynitud.] 

Churchill  [John  F.],  M,D.    StcechioJogical  Medicine,  and  it«  application  I 
diicKBei  of  tbt^  lungs  and  oilier  orgaiiB.    ttvo,    S3  pp.         Lcmd<m,  1B81 

+  O&banellas  [GuBtavt].  Trnnsport  rlectlique  de  la  puissance  njecaniqoe, 
8vu.  BH  pp.  [Soc.  di's  Iiigi-nieurB  Civils.  16  Fev.,  %  ct  Ifi  Mara,  and 
20  Avril,  1SS3.]  FaHt,  ISSSjB 

Cev.     [fidf  Glaser-de-Cew.]  f 

Clark  [Latimer].  Transit  TaTilea  for  1885.  Gi\iiig  the  Greenwich  mean 
time  of  tranait  of  ths  sun,  HUd  of  corluiti  Blari,  for  every  day  iu  llie 
year,  with  an  ephemtrJs  oE  the  lun,  ninon,  and  planeta,    Svu.     71  pp. 

London,  IBSS 

t  Conference  Inteniatlonale  pour  la  d^termiiiation  des  Uiiit^s  dec- 

Iriaues,     i'lttcB-Vt-rbam.      ISih  Uft.— l'6'b  Ufl.,  }W2.     1:\\     1IJ3  pp. 

Parit,  IBSX 

+ [ProcuedingB.]    Svusiimo  Besaioo.    Fu.     121  pp.  Farit,  lesi 

+  — — -  DeiuieroeSereion.  DeusiimeCommitaion  Klectriciti  Atmospherique 
ft  Couwntfl  TerrestrtB.    Fo.    33  pi).  Purii,  18S4 

Day,     [Vidt  Royal  Enti^ineera.]  H 

t  Selaniiei  [Emile.J    Kotice  analytique  de>  InTsntionH  ile  U.  IkOaurier.   Sv<j. 

2a  p[l.  Pan.,  1881 

f Kutice   dee  nppnreils  de  M,  E.  DclHuriur  expoa^a  ilaiia  la   Reunion 

dela  Uoci£l£  Physique  If's  :!7GtX8  Mare,  1pS3.  Hvu.  &  pji.  Taiif,  1883 
f Enpai  d'uiie  tliAirie  gdnf  rdle  Bup^rieuredepluIuBopliie  naturelle  et  de 

therinu-chilnie.    flvo.    82  pp.  Poria,  1BB8 

De  Oew.    [Vidi*  Giaier-de-Cew.] 

De  Nenrille.    [Pid"  K«tviiie.] 

t  Difney  Frferes.  Tfleg^phie  a  ■■adran  imprimiint  les  rii-pfichta  en caraclfere«| 
urdinaires  inmBirie  tt  coiistruit  piir  SlJl,  Lipiiey  Prirta.  liapjiurt  UnJ 
h  la  Bdc.  d'PJncouraeciiien  t  pour  I'liiduitriti  KaUooule,  par  U.  lft| 
Vicomte  Tli.  Dii  Muiicel.    Bvo.     28  pp.  _  Font,  ; 

t  [rw<  Buudiiuin  el  Digney  PrtrtB.] 

•  Dredge  [James]  [Editor"!,    Electric  Illpmination.    By  James  Dredge,  Dr. 

M.  F.  O'Heilly,  and  IJ.  VivaipK.  With  Abacracts  of  Kpecifltationi 
having  ri-fcrciice  to  ElfCtnc  Liulnii>p,  prepared  l>y  W.  Lk.yd  Wise. 
Vol.  11.    4W).    *55  +<;ccxciv.  +  xiii.  pp.  Itndon,  1885 

*  Du  Moncel  [Oumte  Th.]     DiHerminalion  dea  tfWmcniB  de  conatruction  de 

Elect  rit-ai  man  Is    aiiivant    IfB   apptii'Qlions   auxquellei   on    vent    le 
■oiunottre.    8vo.    S9  pp.  Farii,  1871] 

f  Kole  «ur  le  Wngneriame.     4ti>.     7  pp.     [Eit.  iJpa  CoinpUi  litiului  i?M 

B^ntct  da  I'AaiJewu  dei  Sdefice/,  1.  LXXX,    B^Miire  du  I't  Mars,  1876,] 

Pari,.  1876 

f  DeuxiimeNoI^sorleBKleiMtTo-nimanfB  tubulairua  i  noyau  rinullt^Iei. 

4t<i.     6    pp.     fl^xt,    des   (.'oniftFi    Kandux  dei  Sfiincei   dt   VAcad^mit   dM  m 
tictencf*,  I.  LXXXr.    Hi^anci.-  du  S  Juillt;t,  1875.]  PuHi.  1875  ■ 

t I)"  role  de   la   lerre  dans  les  traiiamieiionB  tfil^graphiqasa.    Svii.  * 

6!  pp.  Caen,  J878 

t  '  Lea  Pierrea  Conductricci.    Ito.    6  pp.    [Eit.  VKlaiTKiU,  \"  aiiiiAi. 

Mo.  1.    15  Janvier,  1876,]  Fatit,  1876  ] 


4 

"I 


ACCESSIONS  TO  THE  LIBEAEY. 


» 


t  Eddr   FA-   H.]      The  Mather  Dynamo. elec Wo  Machine,  for  Plating  and 

Electrotjping.    8vo,    31  pp.  Hartford.  Conn.,  1882 

Exposition  International  d'£lectricite,  Paris,  1881-    IVide  Conference 
Interna tiona I  pour  lei  dtttrmiiiatiim  dvs  Unites  Eltictriquei.] 

Fiacber-Treuenfeld.    [I'tJo  Treuenfeld.] 

Fahie  fJ.  A.]     Electric  Lighting  conaiilered  from  a  aanitBirj  imintof  Tiew. 

■  Svu.     8  pp.     Vol.  VI.     [TVoiu.  o/  tht  Sanitary  InititiO*  of  (jriaC  Britain. 

■  K*ad  Oct.  8,  1E81.]  London,  1B84 

*  GlAfler-de  ■  Cew.  Miignet.>.  und  Djnanio.electric  MacliiDes,  with  a  de- 
Hcriptiun  u(  Electric;  Accunmlatori.  Tramlattil  from  the  German  hy 
F.  Krobn.nnd  epeciully  edited,  with  many  addiUone.  by  Pa|;et  Higga, 
LL.D,    [Tht  Speeialitti' SerUi,  Vol.  I.]  lowion.  1681 

HiggB.     [I'ide  Gl8»er-de.Cew,] 

HoUEton  [Prof- J.  K,]    Primers  of  Electricity.    Bvo. 

Ho.  I.  Arc  LighlB.  S.  Iiicaiidt^Bcent  Lighta.  3,  DynamO'^lectric 
Mftthiiiec.  4.  Voltaic  BatiiTitE*.  h.  Electric  Circuits,  (i.  Eftwlaof 
ail  Electric  Current.  7.  Bl,i[infiniii.  8.  Electru- Magnetism.  9. 
Electrif.i'y  pniduced  by  Friclioo.  10.  The  Telephone.  11.  The 
Microphone.  lU,  The  BtoragH  Baltery.  13.  The  Electric  TeleKrnpb, 
1-1.  Eleclro-MetallurgTr,  15.  Electric  Motors.  16.  The  Traus- 
inissiira  of  Energy.  17.  The  Lig-litiiingKi.d.  IS.  The  Galvanomeler. 
19,  Electric  Weasureineiita  of  Minulo  Timei.  20.  Electric  Clocks. 
!1.  SiTichronous  Multiplex  Telegraphy  22.  Electric  Arc  Lamps. 
£:t.  The  KubtiikortT  Induction  Coil.  2i.  The  JablocbkolT  Candle. 
26.  BuurtLB  uf  Electricitj-.  FAiiadelpliio,  1884 


I  Iron  and  Steel  Institnte.    Journal.    No.  2,  is8*.    8vo.    746  +  Ixv,  pp. 
Willi  List  i>fMeiiiljeiB,  /-mhImi,  1884 
[By  Exchange,] 
Jablochkoff.     [F"!"**  Houston.] 
[I'iJeSociiii*  Gi'ncraled'^lectricit*.] 

Jarriant  [D.]  EtnJesur  les  parntonn  frres.  Dm  paratonnerrci  i  lonijuei 
'iges.et  Icure  avantages.     8vu      51pp.  Par<i,  1884 

Jeweibury  [H.  W.]  A  Short  Hialorj  ot  the  Introduction  of  Gutta  Pcrcha 
iutu  Europe,    fivo.     IS  pp.  London,  1S83 

<  JurgenS  [C]    Kozioni  elementarl  di  Elettricitil  e  Uaguetismo,  6vo.    101  pp. 

Ronm, 18BS 
Kirchnoff.    J'idt  Raynaud.] 

I  Ktohn.     [Vidt  Glaser-de.Cew.] 

.  lie  Tual  [A.]     fetude  do  T^l^grapbie  automaliquc  de  Sir  Cb.  WheuCiIone. 
Svo.     289  pp.  and  Atlas  of  ilviii.  plateB,  Parii,  1876 

Lndewig  [J-]  Gewitl«rtiecit*iclitungen  ira  Eeichi — Telepraphengcbitle. 
4io,  11  pp.  [Separatabdruck  alis  der  Elaktrotichniachea  'Zeitachr-ft, 
Man,  1881.]  BrrUn.  1881 

^  Ltd.     [VWii  S*li=gman— Lui  el  ToiigSB.] 

*  LuptOQ  [S.].  M.A.    Kumericil  Tables  and  ConHtants  in  Elementary  Science. 
IZrao.    B6pp.  lomlon,  1681 

t  Uadsen  [C.  L,]     Recberches  aur  la  loi  du  Monyeamnt  Tfilfigraphique  Inter, 
national.     8vo.     68  pp.  CBpmliojus  and  Farii,  1877 

flffgrtti  ICK]  Notice  Bur  le»  paratonnerret,  leur  origine,  lenr  construction  .et 
leurinstallnlion,    Sro.     31  pp.  Purti,WKH;!^ 


^Hacn 


A) 


ACCEiSSIONB  TO  THE  LIBEARY. 


t  Moiche   [!■,]      Kotice  dur   I'Driffine    des  tranamelUure    IfeUphoniquea    et 
iriiiTophoniqueti.    4lo.    iO  pp.  Pu>ij,  18B2 

t  Mascart  [M.]     Sir  William  SiemeDi.    4to.    7  pp.    Poc  d'Encoiiragement 
|Mui  riiiilinlrit  Xiitiijiinlr.]  Faiii,  ISM 

t  Maacart  [M  |,  De  Nerville  [f],  et  Benoit.  K''"o'nc  d'expfciences  nur  la^^ 
iletermiiiiLriuii  du  roUm  et  tie  Bi  valeur  en  colunoe  mercuriellti.  lA^H 
Hvo.    71pp.  Parii,  ISM^I 

t  Mourloa  V^-2     Syslime  de  Tr-I^ijrapliie  et  de  Toli^plionii!  Simiilfanpe*  p«r  les 
iiicDiiM  mi,  di!  F.  vun  llyniiel  iH^rgu.     8vo.     36  pp.  Jtrui-s'Iei,  18B4 

Mnnro  [J-]    Electrlcily  and  it»  Uien.    8vo.    180  pp.  Lmdon.  ISBS 

Nerville  [f-  l>o],     [ri-7B  Mascart,  De  Nerville,  et  Benoit.] 

O'Reilly  [l>i'.  M.  F.]    [riffs  Dredge.] 

t  Park   [Kunwell],  M.D.     Tlie  Electric  Li^lit   in   Surgical  Diapiiwif.     8vi 
23  pp.     IHeoriuted  from  ILs  Annali  <if  Analomy  and  Surtjem,  March, 
1883.]  '  Bnokt-jH,  W.r,  1B8S 


] 


Secotlditrv  Balleries  and  the  »n.fBlled  Sloragi^  of  Elcclricily.    8»o. 

16  pp.      [heprinted  [ruDi  the  t'liicii;a  MtdieaL  Journal  and  Emmintr, 
February,  1883.]  Chicago,  1S83 

Pasqaalini-    [i'ida  Boiti  and  Pasqiialini.] 

Prescott    [fiea    B.]       Dynamo-Electricity;    it»    genemtion,   oppHcatii 
intnemiailOD,  starage,  ittid  ineaiuremeDt.    Svo.    8(!T  pp. 

Sea  Ttrt,  1884 


on^l 


i  Bell's  El(?ctrit   Bpenliint;   Tidephone:    its  inx-enlion,  conBtrnclioD, 

application,  modification,  and  hi.itory.    Bvo.    62fl  pp.     Sta  York,  1SB4 

t  Raynaud   [J-]     De   Ifi"   de     la    propagation   de    I'l-leclriciii?    duna    I'etat 
peimancnt.  Svo,    17  pp.     [Ext.  dn  Journal  di  Phyiiqiu,  1. 1.    1H73.J 

P«rn,  187B 

+ ~-    Conranti  dtfriv^;  loin  de  Kirch hoff.    Svo,     12  pp.      [Ext.  du  Joumoi 

dt  PAjrgu*,  t.  II.     1873.]  Pari;  1873 


—  Ri^noliition  den  ^qtiationa  foamiea  par  les  loiii  de  KirchliolT,  |>our  Iik^H 
diBtribution  dex  courantf^  6^ectriquej4  dnnn  un  ^r^iifrmi?  qUBlcoiique  <1^^H 
conductvun  lineuirta.  Svo.  11  pp.  rE:it.  du  Joiirnol  de  Phyiique,  I,  I^^l 
1873.]  Parii,  1873 

—  Courant*  derives.    Oorollairea  de  M.  Bosscha  et  applicalioua.    Svo. 
14pp.    lExl,dnJoartuiliePhvtiqiie,t.U.    1873.]  Font,  18TS 

—  Dpi  sppareiln  employi^  pour  mesurcr   lea  r^sintancei  ^lectriqueA. 
Svo.    6  pp.     {Ext.  da  Journal  dt  Phii$iqiii,t.  II.     1373.]  Pao'f,  UTS. 

—  Di^tails  pratiqiien  »iir  la  mesure  des  r^niatanceB   ileclriqiica.    Svo. 
7  pp.     [Ext.  du  Journal  de  Phyique,  t.  tl.    1873.]  Pari*,  1B73 


t  Boiti  iProf.  A.]  and  FaBqnallni  (Ool.  Dott.  Lnigi.]  OMervaiioni  contin 
delta  ElelCriote  aimoxlericiL  istituite  a  Fimiize.  4to.  10  pp.  Flat 
[E.  let.  ili  Studi  Pratici  «  di  Perfuiionamento  Id  Fireiizc] 

PifflTUfl,  If. 

Boyal  Engineers.    Protoiional  Papers  of.    Edited  by  Captain  Francis  J. 

Day.  U.E.     Occasional  Paper*.     Royal  Engineers'  Institute.    Vol.  IX. 

1683.    Svo.    317  pp.  lundun.  1B81 

[By  Eiuhanee.J 
Bnlunkorff.    \Vidt  Houston.] 

Jjjnejurlhflrghn,     [Vide  MourJon.] 


i 


ACCESSIONS  TO  THE  LLBHABT.  81 

_*  Selicm&n — Lul  et  Tongas.  Notice  sur  Ut  enais  Jlectriqnes  dea  lienes 
tt'l^grapliiiiuos.  b\t>.  36  pp.  [Ext.  des  Annalti  TiUjri^hiqaai,  Uht- 
Juin.  Juillet-Aoiit,  1831.]  Pant,  1881 

Siamena  [3irW.]    [Pide  iloican.^ 

t  Siemens  et  Halske.    Proptniiion  d'ano  unilt'  dfl  Iiimifire,  et  reraarques 
sur  rei^cution  des  uiiiti!s  eluctriqiles,    -tt.i.    9  pp.  Bai-Iin,  IBS* 

Socigte dXncoaraxement  pour i'lndustrlo Nationals.  [['id«DieQeyPrfiroi.] 

8ocUt6  des  ElectricianB.   Comite  d'Orgimbatioa.    st-o.    3i  pp. 

Parii,  18S3 

Society  Qiairale  d'Electriciti  (Prosaies  Jablocikoff).    Kt^iairage  |i,ir 

In   b.nijjiu   i-lM'triiiUH  tlra   voiKt  {iiihliqucn  d-ra  {iraada  Hag'oaiiis,   tti'. 
8vo.    40  pp.  Pani,  18B0 

Society  of  Arts.    Index  to  Journal.    Yoli.  XXI.  to  XXX.    (1HT2  ijj  1S82.') 
o™.     HJ9  pp.  iandon,  ISSl 

t  "Times,  The."    [Dec. 3rd, 4t:i,  6ch,  7ll»  and  8th,  la68]     Discussion:  Telo- 
^rapb  lo  India.    Sro.    lU  pp.  London,  1863 


i 


Tongas.    [I'tJ*  St'Jigman — Lui  et  Tongaa.j 

Treaenfeld  [B-  v.  Fischer.J  Die  KrieRnlelterapbie  io  doo  tieaeraa  Feld- 
ziigmi  Knglaods,  At^banistdii,  Zululuud,  Aegypten.  Svo.  9S  pp. 
Plates.  Berlin,  ISSl 

T  Troii7€  [O.]    Boluiion  pratique  de  I'^lairage  jlcctriqne  domestique.    flvo 
:fl  pp.  Pan'i,  1888 

1 1  L'Elactricile  an  tli^tre.    Bijoux  flectro-mobUes.    Nouveaux  bijaux 

*lectriques  lumineui,    Svo.    SO  pp.  Poru,  1884 

Tnal.    rra«LeTuftl.] 

Vivarez  l^.J    [Yidt  Dredge,  J.] 

Wise  [W.  L.3    [Tide  Dredge,] 

f  Varley  rCromwell  F.]     Descriptiou    of  tha   Trannlating    Apparatus  and 
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J.  B.  BAILLE— MEABUBEMENTOFTHE  HOHtZONTAL  COMPONENT 
OF  THE  EARTQS  MAGNETISM  BY  THE  METHOD  OF  DAMPING. 

^CompUi  Rendut,  T.  89,  JTo.  IT,  p.  7M.  OtIolMr  27,  1884.) 

It  is  known  tbat  a  uuignetiatid  bar  swingEng  inside  a,  coil  of  wire  expevieneen 
a  lotAlly  different  degree  of  diLmping  accordin^^ly  at  Ihe  circuit  of  tlii!  coil  if 
opened  or  closed.  By  measuring  tlie  damping  in  the  two  casei,  the  diOcrence 
will  give  tlie  moment,  h,  o!  the  force  pxerled  by  the  induced  currents  on  Ibe 
magnet.  If  M  ii  the  magnetic  tnoment  of  the  bar,  R  the  resistance  in  ohms  at 
tlie  ooil,  and  O  the  galvanometer  constant  expresiied  in  centimiitres,  then 

ui  -  E0>^] 

and  as  the  product,  EM,  can  be  readily  determined  by  the  method  of  oscillationt, 
knowing  the  moment  ot  inertia  of  the  magnet,  H  can  be  readily  round.  Tlia 
advantages  of  the  method  are,  the  rapidity  with  which  it  can  be  carried  oat, 
hence  H  is  determined  for  the  exact  moment  of  the  experiment;  and  the  fact 
that  onlj-  one  magnet;  need  b«  useJ. 

There  ore  two  suurces  of  error  ^hich  require  to  be  eliminated ;  self.indac- 
tioD,  which  can  be  got  rid  of  by  taking  a  coil  with  only  a  few  turns  of  wire, 
and  especially  hy  attaching  to  the  magnet  a  body  having  a  large  moment  of 
inertia,  so  that  the  time  of  the  swing  may  be  long.  Another  source  is  the 
variation  in  the  declination,  which  tends  to  render  the  dumping  unsym- 
nietrical,  and  appeam  af  an  irregularity  in  the  oscillations.  It  can  be  avoided 
by  taking  care  to  make  the  observations  rapidly  and  lo  deal  with  an  even 
number  of  amplitudes. 

The  author  has  obtained  very  good  results  hy  his  method,  from  which  the 
following  are  selected  j  the  experiments  having  been  made  at  the  magnetic 
observatory  of  Villeneuve-St.-Oeorges,  near  Paris,  and  the  valaes  being  given 
in  IheCG.S.  eystem:— 

««""■   ^z^     ^:^f 

BeptemberSS A  0-19430  019331 

B  0-lMH  .     0I9E3S 

Beptcmberie M  0-19487  O-lBGll 

N  0'19«60  0-lMM 
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O.   X.   OABJBL-CAUSE   OF   DEATH   FEOM   VIOLENT 
K  BLGUTBICAti  SHOCKS 

^         (L'EUdridtn,  VaK  VIII.  .Vn.  83,  p.  193,  SepUmber  1.  1881.) 

Tli«  author,  together  with  I'TofesBor  BruunTilel,  invcstigstod  tha  caiisei  oF 

deatli  (if  tira  persoDB  od  tlia  occasion  cif  the  Press  f^to  on  the  evening  of 

Gth  August,  i83i,  iu  ihe  Oarilena  ot  the  Toiletiea,  which  were  temporarily 

illomitiBted   by  vlt^ctricltj'.    One  ot  the  circuit*  consisli^d  of   twelve  lamps 

ted  in  »eries  by  nii  iiltemating  currant.    The  leads  for  thi»  circuit — one  of 

ich  was  insul.iled,  the  other  bare — were  carried  for  part  of  tbd  distance 

along  a  whU  forming  one  aide  of  a  ditch,  Che  other  aide  of  wbicb  wu  s  grus 

•lope.    Two  yuuogniBn,  in  trying  to  cross  tlis  ditch.cameincontnct  with  these 

irtres,  antl  one  was  killed  iasbintaneiiusly ;  the  other  e.^piriid  iu  the  course  of  a 

^^kr  minutes. 

^^H     The  ninin  difference  of  potential  between  the  two  wires  was  probubly  about 
^H|D  volu.  but  OS  they  were  traveled  by  an  allenjatiHK  current,  the  maximum 
^^^eclro- motive  force  was  much  gre.iter.    The  difference  of  poMntial  between 
either  wire  and  the  e^rth  may  be  put  at  2b.fi  volts. 

One  of  the  men  had  slight  buns  on  both  bands, and  it  is  presumed  that  he 
most  therefore  have  tiuchtd  the  hari!  wiie  at  twn  points.  The  liums  were 
ihght,  and  would  have  been  caused,  pruhahly,  by  the  breaking  contact  when 
The  hands  were  t.>m  awny  from  the  wire  by  the  body  falling.  The  brain  was 
lery  ciingeited  on  its  surface,  and  the  heart  was  entirely  emptj-.  Dr.  Bourtot, 
■bo  made  the  autopsy,  concluded  that  deat  h  was  dun  to  stoppage  of  the  heart's 
Ktion,  which  was  brought  about  by  a  violent  shock  to  the  pneumognstric 
Mrve,  the  one  which  runs  from  the  brain  to  the  heart.  The  stoppage  of  the 
heart*s  action  was  not  instantancoua  at  the  moment  of  the  accident,  bnt  the 
heart  was  unabk  to  resume  its  pulsations,  and  this  lead  to  asphy:(ia,  which 
txplaina  the  congested  state  of  the  brain. 

In  the  ease  of  the  sec(-ud  man,  whose  death  was  instantaneous,  slight  hnrna 
were  found  on  one  hand  and  on  Iha  aide  of  the  face  and  the  car.  There  was 
Wine  slight  alteration  in  tbn  substance  of  the  brain,  which,  however,  in  this 
cne  was  not  at  all  congested.  There  were  numerous  extravasations  of  blood 
in  Ibe  pleuroe  of  the  lungs,  and  the  heart  was  found  full  of  blood,  which,  it 
ma  especially  reniarlted,  wns  of  an  exceptionally  brilliant  colour.  Death  in 
this  cose  was  due  to  instantaneous  stoppage  ot  the  heart's  action. 

Tile  ground  at  the  scene  of  the  acciiient  was  dry,  and  there  seems  no 
nason  to  suppooe  that  a  current  passed  through  the  men  from  one  wire  to  earth. 
In  proof  of  this  a  witness  was  examined,  who  stated  that  be  also  had  been  in 
(he  ditch  ;  that  he  had  touched  ttie  bare  wire  with  one  hand;  that  his  arm  bad 
btr.a  violently  thrown  back;  but  that  he  suffered  no  inconvenience  whatever 
from  the  slight  sbocli  he  experienced.  The  bums  found  on  the  two  bodies 
cIurlyindicHlelhatthetwounfortunatomeitbadbeeu  in  contact  with  the  wire 
at  tirs  points,  and  the  author  suggests,  therefore,  that  their  death  was  the  ulli- 
inate  niult  of  the  possajje  of  a  shunt  current  through  part  of  their  h'jdves.  Tlv« 
intensity  ot  such  aibaat  current  could  only  bare  been  a  vbt;  Bm«>V\  tTa<i^\avt. 
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of  tbe  whole  current,  for  the  residance  offered  by  tbe  body  to  the  pouage  ot 
the  current  must  have  been  enornioua  in  compurlBoti  with  tbut  of  a  copper 
wire  lii  millimHres  in  diameler  aad  a.  tew  decinibtres  long;  but  it  ii  Tar  from 
being  proved  that,  in  the  nction  of  electricity  an  organised  beinga,  it  ia  the 
inlensity  of  the  cnrrt'nt  which  ran  be  taken  as  a  meaaura  of  the  eCfeota  pro. 
duced.  It  is  more  pro Ivible  that  Ihe  difference  of  pateutiai  is  thecaiuei  or 
perhaps  the  intensity  of  tbe  action  ia  due  to  tlic  energ)',  i.ir.,  to  the  product  of 
the  current  by  the  electro-motive  fo-rce.  In  tbisoonneclionitmay  bis  remarkeit 
that  a  Komewhat  limitar  tht^ory  exists  as  an  e.\plnnati3n  of  bums.  The  gravity 
of  a  bum  ilepenils  much  more  on  thu  temperature  of  tbe  body,  which  would 
correspond  lo  potential,  than  on  the  quantity  of  beat.  Curing  the  period  i>F 
contact,  however  short,  of  tbe  body  with  two  points  uf  a  wire  carrying  an 
iiltemaling  current,  the  body  must  have  followed  the  variations  of  potential 
occurring  iu  the  wire,  and  its  potential  must  have  passed  very  rapidly  tbrough 
vury  widely  different  values.  Tlia  electricity  aclcd  indirectly  by  partly  sus- 
pending tbe  action  uf  the  nervoussystem.fromwhichHiispeiision  death  resulted. 


V.  BABLON— MECHANICAL  DE POLARISATION  OF  BATTEBIBB. 

iL- Eledricitn,  Vet.  VIII.,  Ho.  82,]'.  !07,  SeplBmtor  1, 18S4.) 
The  positive  electrode  is  constructed  of  a  thin  pliable  metallic  band, 
stretched  like  a  strap  on  two  pulleys,  one  of  which  is  placed  at  ihe  liolloiii  of 
the  cell,  tbe  other  on  tbe  top,  out  af  (he  liquid.  On  rotating  the  upper  pulley 
slowly,  the  metal  band  will  be  put  in  movement,  and  will  be  alternately  im- 
meraed  in  the  liquid  and  exposed  to  the  air.  The  depolarisatiou  may  be 
assisted  hy  arrani^ing  brushes  to  rub  against  the  band  as  it  circulates,  so  as  to 
wipe  oif  the  greater  part  of  the  adherent  liquid.  In  a  Daniell  cell,  the  circu- 
lating electrode  would  ha  of  thin  sheet  copper,  while  three  zincs  could  he  used 
ill  the  cell,  one  between  the  two  pnris  of  the  copper  band,  and  one  on  either 
side.    The  circulating  band  may  be  arranged  either  vertically  or  botizontallj. 


J.  LAPrAaaUE— MODIFICATION  OF  THOMSON'S  BlUDOE 

AREANGEMENT  TOR  VERY  BMALL  RESISTANCES. 

(L-Eledriciea.  Vo'.  VII!..  No.  S'.p.  SO",  (ktobir  1,  1881.) 

In  Thomson's  ori^lnnl  inelhnd,  balance  is  brought  about  by  shitting  two 
points  ot  contact  ou  a  stretched  wire.  The  author  objects  that  it  is  not  possible 
to  obtain  a  standard  wire  homogeneous  throughout  its  length,  and  thai 
though  the  variations  from  one  part  to  another  ot  the  wire  maybe  intrinsically 
smalt,  yet  they  are  relatively  lai-ge  as  compared  lo  tbe  unall  resistances  to  be 
meaiutcd. 

His  modification  is  shown  in  the  Hgiire  on  the  next  poge. 

Tbe  general  equation  for  Tbomison's  bridge  is 
R      X      /6       a»  1 
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The  method  or  using  the  urrangument  iUnttratetl  is  ttie  following! — 

In  the  am  place  the  ratio  r  is  made  equal  to  unity;  tlien  the  galvaiionieter 

is  brought  to  sero  by  altering  tlie  resiatancei  c  anil  d.  The  resiitancei  a  and  b 
ate  Ui«n  arranged  bo  as  la  Uktisfy  as  nearly  as  possible  the  equation 

The  g;alvanome(er  is  ugain  brought  to  zero  by  aijjutting  c  and  d,  and  a  fretb 
approximatioo  ii  then  maiK'.  Fruetically,  uf  ter  two  trials  the  above  equation 
)£  satisfied. 


Under  iLese  conditions  the  third  term  in  the  genera]  formula  becomes 


ugligible:  for  ve  have  ^  — 


I 


j  _      -  0,  or  very  nearly  j  and r — ,  is  very  email, 

liQM  a  +  b  ifl  very  large  relatively  to  I.    Hencej 


^-f' 


B. 


The  filed  reeistauce,  H,  may  be  constituted  by  a  German  silver  wire  6  mm. 
diAneCer,  and  oCone-tenlU  of  uti  oJim  resiiilance. 


I 


CBOVA  »aa  OAKB£— AN  ELECTEOSTATIC  8TANDAKD  OF 
POTENTIAL. 

{Journat  Jo  Phynque,  T.  3,  p.  299,  Jvhj,  1884-) 

The  authors  were  dixsaciaried  with  the  [urm  of  c^IJ,  zinc  and  platinum  in 
peie  water,  which  they  were  using  for  some  electrometer  measurements,  owing 
■a  the  want  of  good  iasulation  and  to  Clie  iwiiirisation  of  the  plaliDum,    '£\ic-j 
IbfTetofv  eoottnicted  »  fpecial  new  toim  o!  cell,  of  which  tbey  g\ye  Ite  \eT^ 
VOL.  xn:  5 
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beal  report  with  respect  to  the  above  two  paint*.  Tbe  occompHnjriiig  Aftteh 
shown  iha  cbU  iu  ila  nuturnl  size.  It  conwitg  of  a  gluss  U  tube,  A,  wilU  llmbi 
of  unequal  size,  sealtJ  in  a  block  of  ebonite,  and  witli  s to ppcri  formed  of  cloieil 
pieces  ot  glau  tubing  ground  lo  Hi  into  Ihe  two  ceckp.  Th«  eleotrodee  are 
•ealeil  into  tlieae  glass  slopper;,  nnil  the  whole  entemsl  lurface  is  TSmitbed. 
B  is  a  small  tubu  of  potash  glass,  vliich  is  placed  in  the  targur  limb  and  kept 
upright  by  sniiill  pro lul>era nets  blown  on  it.  The  ont*r  tube.  A,  is  filled  with 
a  solution  of  copper  aulphiitei  the  inner  tnbe,  B,  with  a  aolution  of  zlno 
sulphate.  0  i»  u  rud  of  zinc  soliiti-L-d  to  a  plaiinam  wire,  and  D  is  a  copper 
wire.  It  will  be  aeuii  iliut  tlie  level  of  the  liquid  in  B  i»  below  that  in  A,  and 
that  the  two  liijuids  can  never  ciiinniunicate  directly.  Electrical  contact 
takes  place  Ihrovigh  the  lajer  of  uoislure  formed  on  tbe  surface  of  B.  In  a 
modifled  form  the  liquids  were  replaced  by  pumice  slone  soaked  in  them. 
Icilead   of  using  cupper  sulphate,   Ihe   cell   may  be  used  with   bichromate 


»oluiion  and  a  platinum  wire,  the  zinc  and  «ino  sulphate  solution  remj 
unchanged. 

The  auihors  state  l.bat  tliey  will  publisti  the  exact  constants  of  their  ce 
later,  but  they  b*ve  had  them  in  use  long  enough  to  make  sure  of 
constancy  as  regards  electro-motive  force,  even  after  beifig  short-circuited 
several  hours, 


S.  JtETNIEa— ST.1NDARD  CELL  FOB  MEASUREMEKT  OF 

ELECTRO-MOTIVE  FORCE. 

(/uurnal  d»  PAy.iaiw,  T.  S,  p.  44B,  Ortotijr,  1S84.)  ^ 

'Jbe  form  of  Duoiell  ocll  which  the  uutlior  proposes  to  use  has  a  poBiti*« 

HJeotrodt-  of  thin  ibcct  copper  bi^nt  into  corrugations,  and  placed  cylindrical  I  j 

-a  a  glam  vi:at<:l.     The  iii'gnlive  I'lcctrode  i»a»\uciM'i,l'n»»-^ii '^™'«*cr,in 
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the  ountre  o(  tUa  jjr.  The  copper  ha«  mi  effeoUve  lait-Mv)  o(  lUirty  iquire 
iliK'iiiititrFi,  the  wliole  of  it  bfing  iiumerfcd  iii  ilie  solution.  The  total  capacity 
of  Ui«  cell  is  SUO  uuliiu  cunt'iai'trt-s,  mid  JLa  rtdlalauce  viLvitfi  fi'uin  O'lj  ulim  to 
4  ohinB,  according  lo  the  liquid  used.  The  electro-motive  furce  naturallj 
TArie)  Willi  the  liquid  used,  arid  tlie  author  tijic-rimenlud  with  «escr»l.  With 
ordinary  niuciiml  colulion  of  zinc  sulphati;,  ic  isjuit  olio  Vult.  In  KpUts  of  the 
■dv^ntUKC  ol  lliis  vitlue,  tliu  iiiiMior  prefers  not  lo  itse  zinc  diilpUiirf,  wbicti  is 
klw.iyd  inun<  or  ks»  atid,  but  Ijikes  :i  stiiutioii  ff  >ea  s«ill,  with  which  niid  with 
AD  iitnatGT'im.itrd  line  he  oblaiilfd  the  value  (1-8:3  vult  liatween  5°  C.  and  40"  0. 
Thu  miiLiiicH  in  this  wise  ii  fruju  1  to  2  ohnn.  Sborl-uii-cuili.'U  ".hrougU  SIO 
ahiiu,  tlie  I'ell  only  Io*t  una  pur  cuiit.  of  its  i-lectro-motivu  furca  in  an  hoar. 
The  eunstiimy  of  the  cdl  may  be  eniiily  explikiuod,  Whun  Ibc!  cui-iil'uc  is  very 
weak,  the  f  ji  ni.fion  i-t  thi?  prjJ Litis  otoxiiUa.it.ion,  liy  thu  action  nt  ihu  iiir,  on 
the  vi-ry  1«r^u  siirfnce  uf  the  cupper,  aurp.isivA  tbi:  leJucioK  iictioil  if  etectru' 
Ijiia  nnd  keejii  tliu  elcctru-mative  force  up  to  iti  maximum  value.  The  very 
trilling  quantity  of  line  diniilved  cannot  appreciabiy  alter  the  coiwUtution  of 
the  hirjre  mnHS  r>f  liquid  us»il. 


H.  DEPBEZ— TRAK8.yiSsrON  DYNAMuM  ETEH. 
(La.  Lumiire  Eltclnqie,  T.  13,  Ho.  39,  SepUmbar  »!,  18SL,  ji.  Ml.} 

Tlie  motive  force  ivhicb  liOB  tu  bo  menacred  is  applied  tu  a  louse  pulley  OO' 
tbe  *li>(t  of  I  he  motor ;  tliis  pulley  bears  n,  ttud  which  pressva  agiiiust  a  6at 
•priug  joined  to  the  thaft,  exactly  ns  iu  Puncelel'a  dynamometur.  It  is  tbe 
bending  of  this  spricg  wliicli  )i»H  to  be  I  rniismittcd  tti  a  n'^iNcering  pencil, 
wliiib  shouM  nut  be  aSccttd  by  the  rutatii  >ii  of  Uie  loose  pulley  -,  this  Ik  acuum- 
pliihed  by  means  of  art  epicyctoidal  gcariki^',  conHiEting  uf  nix  tootbed  wheels 
mrjuntcil  two  and  iwl>  on  tliiPe  axlta.    The  two  wheels  on  each  ahatt  are  uf 


dlffer«r*>  tizes,  bat  the  three  larger  wheels  and  the  three  auialler  wheels  have 
the  same  aire  rc-apectively.  The  lirst  pair  is  placed  on  a  aleeve  with  a  bore 
^oBlcivTitly  large  to  pass  over  any  oid i nary -s. zed  stiaft,  tbe  sleeve  being  fixed 
Ibe  (hfcfl  by  means  of  three  set  tctiiws.  The  larger  of  tbe  two  wheels  is 
on  the  sleeve,  und  is  joinid  up  to  tbe  loose  pulley  on  the  shaft  of  the 
BWTor:  theiiurtller  wbetl  is  rigidly  fixed  to  the  sleeve.  Both  "«\)ii«\»  ol  tti* 
in  termed  la  t«  pairatv  loots  on  their  ai/e,  snd  gear  on  one  ■idt!  \Trto  V^e  *i\«X 
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pair  dMcribed  above,  &Dd  on  the  oLher  into  the  third  pair,  which  ace  lig 

united.    The  foregoing  ikclch  sIiowb  more  clearly  the  epic.ycloidal  gear. 

The  centrnl  axle  i»  Bupjiorted  hy  two  amm,  ending  in  friction-rings  on  the 
Eleeve  of  the  Srst  pair.  Two  ooni>ecting-ro(l>  unite  the  central  and  ihirii  aiUp. 
Prom  the  Bgure  it  wiJl  be  seen  that  the  whole  connecting  eystem  is  analugjuii 
to  a  pair  of  compaasea  which  would  t«ad  to  close  if  they  were  not  tupporleil 
at  the  joint,  Tliis  support  can  he  Rxeit  at  any  height  conrtnient  for  working 
tljQ  apparataa,  and  can  he  provided  with  a  screw  working  in  a  nul,  hy  meatii 
of  which  the  whole  gearing  cuu  be  rdi^d  or  lowered.  ^H 

If  the  axle  iB  not  acted  on  hy  any  tangential  force,  which  corresponda  t^H 
the  case  of  the  spring  on  the  pulley  Bxerting  no  tension,  the  first  pair  of  wheeic 
are  driven  at  an  equul  rate  of  speed,  which  they  transmit  to  the  two  other 
pairs,  and  the  whole  six  iiheelB  revolvo  simultaneously  and  without  relative 
displncement ;  on  the  contrary,  when  the  spring  is  bent  under  the  action  of  a 
force  acting  on  the  axle,  an  angular  displacement  of  the  fint  pair  of  wheels  ii 
caused  which  is  proportional  to  tho  tension  of  spring.  This  displacement  ii 
transmitted  l>y  the  intermediate  pair  of  wheels,  which  are  loose  on  their  axle, 
to  the  third  pair,  and  would  tend  to  break  their  rigid  connection,  if  the  line  of 
centres  of  the  second  and  third  pair  were  not  capable  of  relative  motion.  If 
we  denote  the  angular  disptucement  of  the  first  pair  by  H),  and  that  of  the  line 
of  centres  by  o«,  these  two  angles  arc  related  by  the  equation 

Ofl         R  K  r 

ai  ~  n'  —  r* 

The  movement  of  the  connecting-rod  can  be  magniSed  hy  means  of  tlii 

pointer  and  any  form  of  parallel  motion  ;  and  a  continuous  record  of  the  work 

transmitted  can  be  obtained  by  tiding  a  iicncil  to  a  point  on  this  parallel 

motion  and  causing  a  strip  of  paper  to  pass  below  it. 


le 
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A.  KUWDT— THE  ELECTBO-MAONETIC  KOTATION  OF  THE  PLAN 
OP  POLAniBATION  IN  LldHT  IN  lEON,  COBALT.  AND  NICKEL, 

(innattn  dm-  Phyiik  und  Chemii,  B.  JII/I.,  B.  2,  No.  10,  jjp.  228-252,  1B81.) 

This  question  has  been  investigated  hy  Kerr  and  Gordon,  but  the  amount 
of  rotation  having  been  very  small,  viaa  diQlcult  of  measurement.  The  author 
has  repeated  and  amplified  Kerr's  experiments,  and  con&rms  all  his  results, 
with  one  exception.  He  found  a  reversal  in  the  direction  of  rotatiun  when 
the  light  was  reflected  from  the  pole  of  a  magnet  under  an  incident  angle  of 
about  S0°,  if  the  plane  of  polarisation  of  the  incident  ray  and  the  plane  o^H 
incidence  were  at  right  angles.   TIjis  rotation  is  contrary  to  Kerr's  results.        ^H 

The  great  novelty  in  the  author's  researches  is  that  he  has  made  use  of 
transparent  layers  of  the  metals,  and  has  thus  been  able  to  investigate  the 
action  of  the  magnetic  field  on  trantmilled  light  as  well  as  on  reflected  light, 
snd  he  hai  found  that  transparent  layers  of  iron,  cohali.  and  nickel  in  tba 
magnetic  field  have  a  very  strong  rotary  power  on  the  rays  transmitted.  ThB 
mintioa  with  iron  for  rays  of  mean  wave  lengtb  »  Uuity  thousand  times  at 
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great  as  uilb  glnss  uf  tlie  same  tliickneis.     Tliv  ruLkiiuu  in  uU  Ibree  inetiila 
lultea  plBce  in  the  same  direcliuU  as  that  ol  the  mag  no  lining  current. 

For  Uie  ezperimi'iits  ou  rtllection,  gmSill  circuliir  neel  mirrorn  36  mm,  in 
iliiuneter  anil  e  mm,  iljick  were  iiiii^d  ;  alau  tnirruri  of  Hpvculum  metal  phi  ted 
with  iron  ur  nickel ;  and,  Anally,  j^Iofs  luiirura  couted  with  vary  thin  l.rnns- 
p.vreDl  iHyers  ot  iron.  At  lirst  the  exiJvnmenl  wiia  tried  uf  'lepoailing 
tlectroljiicallj'  iron  un  silvered  glass  mirrurs,  but  uueuccL-BsIully,  119  tbe  silver 
wu  (liss'ilved  oil  liie  glBse,  Afterwarda  ihe  author  made  use  uf  gUsa  mirrors 
on  whidi  a  very  ihia  irnneparent  layer  of  platinum  liad  been  deposited  by 
Konig's  methoil,  and  he  bitcceedcil  entirely  in  coating  these  platinum  mirrors 
Kith  any  onu  of  the  three  metals,  iron,  I'uhalt,  or  nickel,  tliu  layer  buing  to 
ilun  ihftt  light  W8S  still  easily  transmitted  through  the  two  layers  of  platinum 
And  the  metal  aiid«r  examiuatian. 

For  the  ejiperiments  on  the  rotation  of  the  rays  tranamitteil  thratigh  tbe 
three  m<atats,  one  of  Biihrakorff'i  furms  of  electro. magnet  was  used.  The 
exFiting  current  was  nbout  III  ampores,  and  was  furnished  hy  a  Gramme 
.lynanio  machine.  The  plates  to  be  exiierimented  upon  were  placed  between 
ilie  poles  of  the  magnet,  at  riglit  angles  to  the  direetion  of  the  rays,  which 
wer«tbuse  of  sunlight.  First  the  amount  of  rotation  due  to  the  glass  and 
plntiDum  alone  was  measured,  and  then  tliat  iluv  lo  the  g!a.i%  platinum,  and 
iruB,  nichel,  or  cobalt ;  and  it  was  found  that  Ihe  effect  of  the  platinum  was 
practically  nil.  The  table  gives  Ihe  rcsulls  obtained;  in  all  these  cases  the 
rotation  at  the  plane  of  polarisation  is  in  the  same  direction  aa  the  Amptirian 
curreoli. 

Iron  No.  1,  transmitted  light  brown     i°  30' 

Iron  Ku,  2  (very  thin),  transmitted  very  light  brown    0°  54' 

Iron  No.  3      2°    6' 

IronNo.4,  thiitlayw       ,.     l"  30' 

Ditto        thicker  layer S'^  42' 

C»b.iltNo.  1 .„         1"  IS' 

Culmlt  No.  2,  very  transparent   ...        ., 1"    4' 

Uubiill  No.  3,  samcplateasNo.  fl  1"    0' 

CobultNo.4 1"  B8' 

Ki(;ltelNo.I 0°  Bit' 

KickelNo.a ...        ...  U°  49' 

Tbe  iron  mirrors  also  produced  acerUiin  atnoant  u(  dispersion:  thus  ilwaa 
found  thnt  light  which  had  passed  thrungh  a  deep  red  glass  and  then  through 
tlM  mirri>r  waa  more  strongly  rotaled  llian  blue  light  obtained  by  passage 
thriiugh  uiiimoniucal  solution  of  copper  uxidif.  Similar  experiments  with  cobalt 
aod  nickel  ihowed  only  very  slight  diapersion.  The  specific  rotatory  power  o( 
inin  wM  determined  with  a  mirror  having  a  layer  of  iron  only  O-OOOOSS  mm, 
lliick,  and  waa  found  tu  bo  S3,000  times  as  great  as  that  of  the  glass  used. 
Cireular  polarisation  was  also  observed  with  ironj  tbe  difference  of  the  refract- 
ive indiceJ  for  the  ordinary  and  the  eitroordinary  rays  in  the  direction  of  the 
axil  of  a  quartz  cryslal  has  been  determined  hy  Lang  aa  only  U'OW»Ha,«^i.i* 
for  Sroa  the aalbor  found  the  game  ditTefenco  to  be  Ol. 
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In  tbe  eiiieriDienli  on  IJglit  rcflecteil  at  Hglif  arelen  (lie  Bullior  (ound  llie 
rotalicm  for  all  tiirce  mcIaU  to  lie  in  Ilie  dippofile  diiection  to  tlie  Amp&mn 
carreiita,  and  to  varj  in  valuu  Swjn  20  miiiuteH  or  lira  In  one  tlc^ree,  nbout. 
Fnrtliei'  pxperimciirg  were  tiied  villi  liylit  rtllected  Ht  nn  nngli>.  nnd  it  waa 
fuunil  lljat  llie  grealPiil  rotnlion.  ulirml  9  iiiinuli'ii  of  arc,  orourred  nt  an  angle 
of  Gb"  t  >r  imii.  Wlieii  llie  p!;ine  iif  potuniiBtiuii  mi!  ])»iii]Irl  To  llie  plane  oF 
inCHiKlice,  the  dilt'ctiun  uf  rijlntiuii  was  llie  ivtaie  bs  lliut  (if  the  moleculnr 
carrvnlti;  when  nt  riglit  ungles,  n  referral  l.iuk  place  ol  ulioul  82°.  Furnicki;! 
mirrurs  the  lame  lield  (food,  except  tlint  tlieievei-nl  took  plnee  lieltveeii  [0° 
and  ISO":  tbe  rotation  ii  lens  I',  hh  uitli  iron,  not  exceeding  5  uiinules  iif  art'. 

The  tolloiving  iirt'  llic  c-jncUisiimS  tlie  BUlliur  ilrmvi': — 

1.  MoiT  ipotrnjijc  ?-olid  Lofli*-*,  liquids,  niu!  tliOFe  giiiii^s  at  pi"i.'SPTil  tijiei'i- 
mented  upon,  ri-liite  tUi-  pi  me  'if  pof.irination  in  llii?  pn^itiTe  ilirri'lmn  (llmt  i>[ 
the  moleoular  eurrentB  of  Atn|i"''ii*). 

2,  Concentrated  Buliiiion  of  cliltiriile  of  inin  rotalen  reeotiTely.  The 
negative  rotation  uf  nlher  inagneiic  tuiliH  ik  Rliovn  hy  the  dccrenKe  in  the 
poaitive  rutalion  due  to  tlie  diHSolviiig  mtdium. 

8.  Oxjgeii,  wliicli  in  com  pa  rrt  lively  nifi^netic,  rotatei  ponitivelj. 

4.  The  plane  of  ]>nlarisHtion  t>(  light  which  hm  been  ttanamitted  through 
iron,  nii'kel,  or  eohiilt  is  rot.iti^d  pufcitively, 

5.  ir  It  hag  iicvn  rellei^lid  at  riplit  anglvv,  the  I'otdtion  ii  negative. 

6.  The  Ci>nipliriiled  phenomena,  oliserveil  by  retlection  at  an  acnte  angle 
from  the  end  or  »  de  of  a  ni.igiiei  mny  he  eiphuiii  il  on  the  nBsumpli.in  that  ut 
reflection  the  light  lavs  iiaverBe  a  verj  thin  layer  of  the  irun,  and  tlial 
negative  rotation  oeturi  in  tUii  lAj'Qr. 


BOUDET— ItKSEAKCHKS  UN  THK  CUNDUcTIVlTV  UK  IIAREFIED 
AlE  AND  THI-:  KLECTEIO.M,  POLAltlSATION  OF  GLAS8. 

lUcibWltr,  E.8,  St.  11,  No.  U,J).  B3J.  1881.) 
Tlie  author  descriliei  the  well  -  known  darkening  in  one  place  of  llie 
diecliarge  in  a  Gcisslct's  lube  by  an  electrified  point  brniight  iieui  lo  it,  wlicn, 
03  IB  known,  a  dark  space  bceoin^a  apparent,  and  he  mentiona  that  Ihif  ilii>. 
apptiarK  if  an  oppusili-Iy  charged  point  ia  brought  near  lo  tin-  Kime  upot.  He 
further  dwcribei  afrenb  the  experiment,  where  a  tube  held  in  the  hand  and 
brought  near  the  prime  cunductor  af  a  atatieal  machine  glou'i>oD  l>eing touched 
■with  one  electrode  ;  he  has  repealccl,  aluo,  the  old  eiperimenl  of  Riess,  tlmt  a 
diieharge  can  be  produced  in  a  tube  by  touching  it,  if  the  electru-molive  force 
directly  available  at  the  electrode  ia  too  w.^nk.  He  refcri  aftenvarila  lo  the 
phenomenon  that  an  exhausted  bulb  (<t.j.,  a  ^low  lampjihows  luininoiity  on 
friction,  and  aflur  it  has  become  dark  it  can  again  be  rundered  luminous  bv 
touching  it.  lid  has  compared  the  charge  of  an  exhausted  bulb  wilh  that  uf 
one  of  the  eame  size  filled  with  gold-leaf  or  wiib  water  by  n<ean*  of  the  length 
of  tliu  spark  on  discharge  after  the  two  bulbs  hud  been  i  barged  iiy  nn  equal 
miinber  ut  turns  of  the  fr^ctiinul  machine.  Thin  clurge  in  ^mnlier  for  (he  gold- 
yea/"  fAjan  for  the  tiniplyhil\b^  und  unaller  iiir  >\i«  \ni\\i  ft.\eA  ■wW\  vtAwitan 
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br  that  ftUed  with  goM-letJ.  Hence,  on  llio  pasnge  of  ii  ourrunt,  b  ehnt^e  is 
developed  od  Ihe  Burfaoe  of  tlie  gInBs  of  tlie  dipcbargB  lulws  the  more  reodllj 
thtmore  Ihe  ga»  ia  rniifieJ,  and  the  more  p  ■wfrfully  the  betier  the  Pondnc- 
kTilf  of  ihe  ouler  surface  uf  llie  glass. 

If  the  plstinum  wirea  of  a  glow  lamp  are  connected  to  earlli,  and  a  piece 
of  tinluil  laid  on  tbe  top  of  Ihe  bulb,  and  a  spark  allowed  to  pau  to  tliis  tinfoil, 
the  luioinoB[(y  ot  the  bulb  in  differeat,  acc-ordinplj  as  tbe  Bparlt  is  jtoBiliTe  or 
negstiie,  niid  a  poiilivr.'  or  negfttire  difcliurge  issu?!  from  the  inner  aide  uf 
the  glBM  under  the  tinfoil. 


H.   r.  TrEBEB— THE   ABSOLDTK    VALUE   OF   THK   SIEMENS   MEE- 

ICURV   UNIT,  AKD  THE   LENGTH   OF   THE   MBECDilT   COLUMN 
EQUIVALENT  TO  AN  OHM, 


(BoiJJaltw.  n.  g,  H.  II,  JVi.  U.  ,n.  838.  1881.) 
la  tbe  first   placi!   tbt-   iinlhor   cirrects  tlic   value  obUint-d   in    l87S-7^ 


according  tt  this  corroelion  the  mercnry  unit  is  equal  to  0'8fi21i  it  10' ^ 

(not  04550), 

In   ISSUand  I8S2  the  author  nned  the    lo-ealled  KirphlioH'ii  method  of 

cb«erving  tht  current  induced  in  a  Ben  .nil  roil  nn  mukinp-  nnd  hrpaking  the 

circuit  uf  oncther  ejil  near  ir.    One  coil  (A)  wub  IhkI  liori;!  mtnllv  -m  Ihe  top  of 

a  Btone  pillar  and  the  iit.her  (E)  wai  sui.p.iriedciHixiullyjiiai  above  it  on  three 

Ifgt.    Both  colli  were  wound  on  b-cinze  fi'amcii,  A  with  61*  Inmn,  and  B  with 

eU  tams  of  Tiro  I'S!  ram,  in  diameter.     Tbe  «idtli  of  Ihe  coils  wna  4  30  and 

4'31  cm.  reBpfctively,  and  the  radius  of  tb^  oulxiiii-  layer  17-GI8  and  17  170  cm. 

The  iniluceil  current  was  measured  by  nieann  of  a  galvanometer  ftpeciaUy  con. 

(trocieil  for  ttu  jmrinxe^    The  mean  of  lb'?  exptrinientE  ut  1880  gave  tlie  mer- 

cttty  wnit  equal  in  0flW8  ohm,  oml  the  mean  for  1S83, 0'SSOO  olim,  or  about 

one-qnarler  per  rent,  less  than  the  former  detenninat ions.    The  n.ean  of  60 

observation*  with  a  iiniilar  but  larger  apparnlus  in  1883  gave  the  mercury 

cnt 
unit  equal  to  iJ'MSfi"  lOf -■,  the  liigliest  and  lowest  valuis  being  0'9509  and 

0-9W6.      Hence,  1  ohm  is  the  reeistaiice  nt.  0"  C.  of  a  column  of  mercarj 
I  mm  *  in  tertion  and  105*32  cm.  long. 


Dr.  DOEN— AVOIDANCE  OF  LuCAI.  MAUNETIU  INFLUENCE  IK 
MEASURING  IKSTIlUaiENTS. 


^H  iKlektroteeJtmitht  Ztilte\ri/l,  B.  G,  Ha.  10,  p.  403,  Ottobtr.  1694.) 

The  anihor  draws  attention  to  the  way  in  which  results  may  lie  falBifled 
bj  the  magnetic  properties  -A  especially  tin-  copper  wire  uied  for  winding 
gtlWanOlDHers  or  for  d;inipers,  as  well  iis  ut  iitlier  matcrinU  used  in  tbeir  con- 
■tniction.  Thusheh^is  found  lliat  white  marble  is  dlamngiietic.  while  grey 
marble  it  indifferent.    The  best  way  of  getting  over  tU»  diflicully  in  the  cue 

11"'^" •■"■•'" ~~ 
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deposited,  and  which  should  therefure  be  quite  free  from  iron.  Also  Ihe  aotlior 
recommends  that  the  qsc  of  utiy  inet-al  in  the  immediate  vicinitj  of  the  needle 
of  any  gulvniiomcter  should  be  as  fur  as  possible  Hvuidei).  It  is  not  only  the 
permanent  ningnetiim  wliich  has  to  bo  considered,  but  ulso  llie  lempirary 
magnetism  produced  by  tlie  magnets  whicU  are  employed  in  ihe  iastnuntnt. 


L.  WEBEB-EEPLY   TO   MOl-LEK'S    TKOrOSAL   FOE   USE  OP 

P0LAKI8ATION  PH0T0METEK8. 

{EUktroUchnitche  Zeitschrijt,  B.  6,  Ho.  1,  p.  21,  Jdtt.,  1885.) 

The  esai^tnesB  of  photomntiic  measureraentadependsou  (1)  the  judgment 
as  to  the  etjual  brightness  of  two  suurces  of  light,  orof  twosurlaces  illumijiati!d 
by  them,  and  (i)  ou  the  measurement  and  culcutatiou  of  the  changes  in 
intensity  of  the  two  soarces  of  light.  The  former  is  tile  mure  d.flicult  and 
beset  with  most  sources  of  error.  In  mohl  cuses  11  is  the  senailllity  of  the 
Lnman  eye  to  light  which  is  uB(:d  as  Che  niuanH  ui  comparison,  Tlie  more 
nearly  oquiil  ate  tlie  two  lig;bts,  the  larger  ihey  are  within  certni.i  limits,  and 
the  nearer  they  are  to  carh  other,  the  less  are  the  errors  introducid.  BuiiseD's 
method  is  undoubtedly  the  safest  and  best.  With  a  ircll- trained  eye  the  error 
for  a  single  mea-inrement  can  scarcely  be  reduced  below  one  per  cnt.  A  cloier 
iippro.ximaiion  may  perhaps  bu  bupi-d  for  by  using  indirect  criteria. 

The  second  class  of  errors,  owing  to  ihnTiges  in  (he  inteusit^  of  tho  light 
may  be  mote  readiij  dealt  with,  aD<l  can  be  reduced  below-  thi  above  limit. 
All  photometers  which  depend  on  llie  sensibility  of  the  eye  mayle  divided  into 
two  claase",  those  depending  on  the  law  of  inverse  sqlmte  ijf  the  distance,  and 
on  polarisulion.  The  kind  of  pholnmeler  to  be  used  must  depend  upon  the 
circumstances  1  and  if  Ilerr  Molhr  luis  obtained  exceed ingly  giiol  results  with 
pidarisatioii  photometers,  I li;s  is  duu  to  the  great  care  taken  in  I  ht  experiments^ 
uii[|  it  is  more  than  probable  (bat  be  would  have  reached  equally  good  results 
with  a,  Bunsen  photometer.  AC  any  rate,  he  is  nut  justitjed  ii  slating  thai 
"imly  polariBation  photometers  can  he  used  for  exact  msasuremeit." 


A.  WASSKUTH— USE   OF   MAGNETIC   BCllEKXB   FOR   HENDEBING 

UALVAKOMliTERa  ASTATIU  AND  UltiULY  SENSITIVE. 

{ZeUtchr<ft/ar  EUitietaehnik,  Vol.  2,  !fa.  17,  p.  514,  Stj-temier  it,  1884.) 

Former  steps  in  this  direction  have  reunited  in  the  cue  of  iin  iron  rylinder 
round  the  magnet  needle,  by  wiiich  IbB  directive  action  nf  iht  hoiizontaJ 
component  of  the  earth's  magnedsm  wan  reduced  to  nou-tenth. 

The  author's  method  is  applicable  to  any  hind  of  galvanometer  with  s 
single  needle,  whether  it  works  un  a  pivot  or  is  suspended  by  a  fibre.  In  the 
«»rae  plane  as  the  neudl'^  is  placed  a  permanent  steel  magnet,  with  it^  longi- 
tudinal axis  in  the  prolongation  of  the  axis  of  the  needle,  and  with,  say,  ilv 
S.  pole  facing  the  S.  pole  of  the  needle.  By  moving  IW.'  magnet  nearer  to  or 
turthera  way  from  the  needle,  a  Hrst  approximation  to  sensitiveness  is  obtained. 
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fftr,  Uic  melliod  preaenls  notbiiig  new.  Having  odJuBtod  tbe  maLgnet  aa 
,r\j  us  potsihie  by  hand,  the  nuthor  Iheii  liriiina  on  llie  tor  tiie  of  the  mug' 
t,  and  at  righi  angles  to  it,  a  bar  of  soft  iron ;  wlien,  by  uliding  tliia  bar  in 
ilie  direction  of  its  length,  the  nction  q£  the  miignet  on  t]na  neecHe  can  be 
reinforced,  and  a  atill  nearer  adjustineDC  made.  Should  this  uut  eullice,  a 
MCODd  bar  of  soft  iron  can  be  pldci-d  ulongside  the  mugnet,  but  so  ua  Co  make 
■nani^Iewith  ic ;  by  altering  Tliis  niigle  the  last  aiijuslment  may  be  mudo. 
In  place  of  thiasldc  bHrof  iron,  tn-o  or  m»rt:  bars  may  be  used  nt  the  end  of 

^B  ptnoancnt  niBenet. 
An  eiumptc  will  sbuwliow  largely  the  seuaitiveiicss  <)f  u^uWanoiiietHr  tany 
inr.reaied  by  lltii  mean*.  A  conataut  current  of  0855  x  10"*  umpire*  was 
Bed  ibroagh  n  bigb-reslstiince  (IG.OOO  niii(»)  Siemens  mirror  gntvunometer ; 
und  when  ih^  irule  wns  at  a  iliatuni^u  of  '^,1369  mm.,  iliu  ileHuution  was  22'4  mm. 
The  permulient  magnet  and  Bllcte!lri^e  bars  of  -toft  iron  were  then  brougbt  into 
I,  and  the  detliictjan  ir.creusi^t  as  shown  below : — 

Dittoncfl  from 

to  iHir.  DaQeellon. 

eta.  mm. 

Keedle  without  magntt         _.         ...     — Tl  * 

Uagnet  in  poiilion  (21-5  cm.  from  nwclle) —    2B7'5 

Uugnet  nni]  1  bar         I'O     33t8 

„  .,  (J-B     458  0 

„         a  baM        .,.         ...  , 0-5     502  3 

8b»rs ..     0-5     6293 

,.         1  bar(thiclier) 0-5     63.10 

,.  „      uud  a  cylinder  of  iruii  on  bur...    O'S     873-5 

«<  that  the  fl^nie  corrent  now  CHiued  u  deflection  Thirty  times  as  great  as  at 
tlr«l. 

Since  the  uborevnrrent  gave  adedettion  of  878  ram.,  il  couidhocalculaled 
■  h»t  tnrmil  would  give  a  detleclion  of  I  mm. ;  and  the  aullmr  roncludi^s  Ihat 
this  cxceraivety  small  currenf,  which  could  itill  be  observed  on  the  galvau- 
imeler,  would  take  S45  yean  lo  decompoie  i>n<!  milligram  of  water. 

A  thermo-couple  of  coppiT  and  iron,  with  a  difference  of  temperature  of 
■"ily  1-8  degree  bttween  the  ends,  guve  a  delltction  of  II  nitn.  ilirough  a  tutul 
(I'lislance  cif  3,000  Siemens  units.  AsHumi  iig  with  Beequcrcl  Ihnt  ihe  elcctro- 
nicitlve  force  of  such  a  couple  for  a  diffen-nco  of  tempenilure  of  100  degrees  is 
"laal  toO'OOte  vuli,  we  find  that  the  current  in  thi>  ease  was  about  5  x  I0~* 
.impure  s. 

The  BDthur  hm^  giine  yet  further,  nnil  with  the  same  Siemens  galvanometer 
lua  increased  Ilii:  sensitireuesa  135  limi'i,  but  leaves  the  description  of  tbia 
•trangeineDt  for  a  lu'er  paper. 
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J.  WEBEB— SOME  POINTS  IN  TOE  SOUECE  OP  VOLTA- 
ELECTBICIXy. 

(ZeUachrifl  far  ElektrnU'chnili,  Tol.  2,  A'ot,  18  and  19.  StpienAer  30  and  October  IB, 

^s8i,  p.  5ba.b90.) 

The  pointx  lo  wliich  the  autliur  druws  Hlletition  nre  sucb  ac  maj  perhaps 
lead  to  a  quicker  reiillsation  of  ii  rlieip  and  cffl<.'iciit  form  r>f  primary  bnltery, 
no  givat  ]iriigrviis  Jiaving  Iwen  mmli!  in  thin  direcLion  for  the  laat.  fifty  yeart. 
Tbe  working  t-f  every  foiiii  of  hstlery  depends,  tin  theiine  hnml,  on  the  electrical 
ilifTertnce  betnteu  a  difRcullly  uxidixnble  iiietiil  (in  wliich  cIhri  carbon  mutt 
be  included)  and  iin  easily  o::idi»»M*  one  (])rnetitrtlly  zinc);  on  thu  other  hand, 
on  the  nlmtittaneouBly  dcvelnped  electrical  differenre  betn-et^n  these  m^Ialii  and 
the  gafeous  componentfi  of  watery  fluidB.  The  atoms  of  hydrogen  whicli  lend 
towards  the  neimtiv  pole  are  the  ciirriera  of  tlie  imdeflneil  <onnj(hi7i[j  which 
appeftra  in  thf  t'.xternitl  circuit  as  nn  electric  current.  Two  plates  of  one  and 
thu  sftniu  metal  fphiitinuui)  pruduce.  Iiowcver,  a  powerful  current,  after  l.hey 
have  been  used  for  a  few  momenta  for  the  clectrolyiis  of  water.  The  plates 
theniaelvi^B  remain  clieinically  unaltered.  Aim  a  cell  componed  of  two 
platinum  plates  and  two  antiigonlBtic  liquids  will  produce  cleclricit.V-  Two 
lead  plates  in  djluli^  nulphurii'  acid  will  also  give  a  powerful  poluriiut.ion 
current  unrliT  siniilur  circiimBtanci's.  The  cniiscof  the  current  must  be  the 
differen"c  uf  putentiat  between  lead  and  lead  pet  oxide.  Urove  lias  cduatructed 
n  gaa  bnltery  from  tno  phites  of  platinum  dipping  into  dilated  BulpLuric 
acid,  and  two  gapes,  hydrogen  unci  oxygen.  Collecting  together  tbe  nhove 
points,  we  liave — 

I.  Two  didevent  nietaU,  two  liquids,  uf  u  hicb  one  ciiu  be  decomposed  by  a 
solid  body.  The  idectrode  which  becomes  positively  polarincd  in  diiwolved 
(Dxidisi'd),  and  HemlB  out.  negative  electricity  into  the  circuit. 

a.  Two  platinum  jilatoa,  one  liquid.  Tbe  previously  negaiively.polBiised 
plale,  cIiargedHilh  hydicgen,  sends  out  neg  it  ive  elect riciiy.  Neither  electrode 
is  oxiilised. 

3.  Two  platinum  plates,  one  acid,  ono  alkaline  liquid.  Neither  electrode 
ia  o-Tidiaed.    The  one  charged  with  oxygen  produces  negative  eleetricity, 

A.  Two  lead  piatt's,  one  liquid.  Tlic  previously  nega'ively-polariseil  plate 
Nndi  out  negative  elcclticily.  An  timurpbuuti  mctattic  oxide  plays  the  part  of 
the  electro-negative  metal  of  rhe  jccond  plate,  not  i.f  the  electrode  covered 
with  i(. 

r>.  Tu'o  platinum  plateii.  partly  iiiimuised  in  l.<[iud,  two  gases,  which  BUr- 
round  i.lie  unimmctetd  portions  uf  i  Im  plates.  Neither  elrctrude  is  polariwd, 
neither  In  oxidised.  The  one  surruunded  with  hydrogen  lEudi  out  negative 
electricity. 

If  now  we  con^idei-  electriciiy,  like  niBgmt.sm,  as  a  speciiil  slate  of  inuitnr, 

then  thisulale  cin  Ijb  bi-ou^-ht  iilmut.  by  five  different  causcn.     If  we  call  in  the 

aid  of  the  (ether,  we  are  mil  much  advanced,  for  we  must  admit  that  ii  certain 

manifcstaiion  of  force,  which  we  call  electricity,  has  nn  fixed  waliTinl  cause, 

Si'niye  the  eJecfricify  fEirtiishcd  by  the  five  typical  cidls  given  shjve  does 
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differ  in  kind,  liat  only  in  degree,  it  on  eomperigon  we  ran  find  laiue 
proiierty  wliich  is  common  lo  all  witliout  any  ticeptioii  whstaiiever,  we  may 
conrlntte.  with  a  high  degri'L'  of  prulnibihtj,  Uiac  tliu  exisltcicu  of  tLis  pnipertj 

t  be  til*  Piinse  cil  the  iiroductioii  of  the  electric  current.  In  fact,  if  we 
fine  ounelT«9  lo  lUe  carv  of  celln  on  c1<>bi!iI  circuit,  v/c  find  that  mch  a 
crimmon  projiarlj  of  nil  the  live  ly|wi  ia  llie  «xisteiica  iil  oxy^cen  and  hydrogen. 
With  Hie  except  ion  tliei-ef.jie  of  Ihe  fifrli  ty^iv,  we  may  say  ihnt  tlie  exialence 
(if  free  or  nHseeiit  liydrogeii  and  uivjitu  im  tliH  eli'Ctrudea  in  toiumon  to  all 
voltaic  celU.  The  oxygen  an<I  liyil  ru|^-ii,  being  nascent,  Unve  a  (•renter  cbemlcul 
affinily  than  the  iMiia  gases  in  Lljeir  ordinary  condition,  and  they  will  there- 
ft>re  not  remain  for  an  instant  free,  if  nny  elements  with  which  they  can 
combine  are  in  their  neIghl>.>urU(Kid.  In  rU  voltaic  cells,  therefure,  new  mole- 
mteti  of  wnier  will  be  formed,  and  llieir  formation  ia  the  ultimate  result  of 
■  movement  in  a  Rxai  diruction,  whii'li,  prubably  in  Ihe  fjrm  of  uiidulationii, 
CBJi  take  place,  eitlier  from  one  electrode  To  the  opposite,  or  from  the  centre 
Uiwards  both,  or  from  both  towanla  the  centre.  It  is  probable  that  this 
moTGment  ^Iwajn  tabes  the  shorieat  path.  Since  this  movement  always  occura 
iu  voltaic  cells,  we  muil  conclude  that  tlia  production  uf  Iki;  electric  current  in 
ilependent  upin  it,  i.e,,  on  the  million  itself,  and  not  un  the  formation  of  water, 
wtiicli  is  only  u  means  to  the  end.  The  nnluru  of  ibe  electrodes  ia  indifferent 
■o  long  as  they  are  in  a  condition  to  conduct  the  electricity  produced,  and  are 
aot  deairoyed  by  the  active  gusea.  The  su-called  electro-poEitive  metals  owe 
their  denomination  excl  11.11  vely  to  their  cap.ibility  uf  being  oxidiaed,lhe  elecliu- 
negative  to  (heir  not  biing  attacked  by  acids.  Since  ilie  development  of 
hydrogen  and  oxygen  in  the  Hre  typical  edit  iir  iei  in  five  different  ways,  it 
follows  that  the  nuture  ot  this  development  of  <,'ue  cannot  be  caeentjal.  The 
imenttiry  oondiiious  for  the  existence  of  un  eltciiic  current  arc  therefore — 

I.  The  prodnction  of  naiceiit  oxygen  and  hydrogen  nt  xucli  points  ut  an 

idiSed  liqnid   that  a  continuous  movement  if  aet  up,  which  probably  aiisi-s 

in  llie  uecotu position  and   reconibinalion  ol'  Ihe  molecules  of  water,  and 

proceeds  either  in  one  direction  or  in  twooppusile  directions, and  which  results 

flpallj  in  newly  formed  water. 

3.  Two  plates  of  meliil  (or  carbon)  which  are  in  a  condition  to  take  up 
id  propa^te  Ihia  movement. 

llie  who!c<  of  our  gnl'snic  biitleriea,  with  the  exception  of  Ihe  first  type, 
are  in  reahiy  gas   haitories     From   the    elenLeniury   coniiilioni  enumemied 

Ibove,  it  Would  appear  that  llio  conditions  for  Ihe  rational  construction  of  an 
^omic  bntlerj  are — 
1      1.  The  production  of  hjilrogcti  and  oxysen  (perhaps  also  chlorine)  onlside 
be  buttery. 
2.  The  introdact  on  of  tliise  ga'i-s  in  the  iictive  (naErcnt)  condition. 
I     S.  An  acid  liquid  of  the  higlieat  pn^silile  conductivity. 
4,  Elccttodim  ul  some  m.iteriul  with  very  fine  [>orc»  .ind  le&^t  liatile  to  be 
BtBil  «p.>n  (probably  only  cnvbiin  would  do),  in  the  fjtm  of  close  I  vesicla  with 
l.irge  aartuce,  which  should  permit  of  the  p^siiago  ih  rough  the  sides  q[  Wx  igawK 
liroa^htinW  tliem  uadtrprii.'a:ire  in  iJie  ratio  of  1:2. 
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It  is  Dot  ponilile  to  conxiiler  so  unt^ertain  &□  experiment  ae  Tolla'a  fimdA- 
niental  one  aa  the  explanation  of  a  new  tlieory — an  ciperimeot  which  can  give 
no  genuine  resalls;  tor  how  can  it  be  possible  to  bring  two  metal  pl&tcs  into 
contact  with  each  other  without  friction,  without  preisure,  without  chtinical 
action  due  to  the  suvf.ice  lajere  of  guB,  without  Iracea  of  moisture,  and  without 
differences  of  temperature  f  any  one  of  which  circomttauceB  would  gafllc« 
to  explain  the  phenomena  observed.  To  attribute  to  the  viirious  elemenls  &□ 
individuiJ  and  innate  elettrital  polarity,  in  order  to  esplain  thereby  the  secret 
of  chemical  attmctlou,  seems  n  mere  pliiy  upon  w-ords ;  it  is  us  much  ai  to  Kiy, 
for  instance,  that  hydrogen  and  oxygen  attract  each  other  because  they  poaaei 
attractive  proptrties. 
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VON  WALTENHOPEN— OLD  AND   NEW  VALUES  OP  THE 

ELECTHO-MOTIVE  FOBOE  OP  A  DAMIELL'8  CELL. 

(ZeitinhTiftfUr  BhktroUchml,  Ve'.  3,  Ho.  23,  p,  706.) 

Ttie  author  himself,  with  a  celt  in  whicli  the  :eiii(;  was  immersi'd  il 
sulphuric  acid  diluted  in  the  proportion  of  1  cf  acid  lo  15  of  wiiter,  has  found 
the  Tnlue  D  —  IHUSS  volt.  The  values  which  are  given  in  old  text  book9  are 
aU  leBH  than  this.  Amougst  thesu  aru  thu  valuis  found  by  Mailer  and  by 
Poggundorff,  which  are  eipretaed  in  arbitrary  units  i  bm,  reraleulutt'd  in 
absolute  units,  they  como  out  0-971  and  0-ti22  respectively.  Tlie  next  group  al 
values  were  determined  in  absolut-e  measure,  but  the  determination  a  wet 
mude  by  Obm'.i  nivlbod,  which,  owing  to  polarisatioD,  would  lead  to  too  sm^j 
a  value.    Thej-  are — 

Von  Bee tz D  -  O'SSfi  volt. 

D  =  1)^887    „ 

J.  Itegnauld D  -  1-016    „ 

Buff ...        D  -  l-OH    „ 

Bosicha         n  -  i'026    „ 

The  author's  de I ernii nations  of   The  E.M.F.  of  the  Uaniell  cell  were  tUa 
Brst  which  were  made  by  PoggendorH'a  seonii  conipeination  method,  and  ttlao  ' 
the  first  in  which  Siemens'  originHl  i-esialancc  appurntm  was  used. 

H.  P.  Weber  found  the  value  I)   -  ]  oUSi  volt,  on  llieasauniption  that  ono 
Sienieus'  unit  equala  0'956  ohm.     liecnlcuLming  this  value  on  the  basis  of  the  ^_ 
Congress  ohm,  which  is  equal  to  1-OiJ  Siemens'  nnit  (or  I  8.  U.  ..  0  OiS  ohm),^! 
Wfi  flndD  -  1  080  volt.    Hejnierhnu  found  D  -  1-079  volt,  and  Alder  Wright 
the  same  value.    It  is,  however,  to  be  noted  that  the  last  three  esperimoutcM 
used  a  solution  of  sulphiite  of  Kinc  in  the  kIuc  cell. 

Kittlcr  haa  fuuud  the  K.M.P.ot  a,  cra\ity  form  of  Daniel  I  without  partition' 
higher  than  that  of  a  cell  with  a  pa  rliiinr.  1-195  volt  in  the  former  case  a.n 
1-111  voit  in  the  latter.    The  author's  v:ilue,  1-088  volt, was  arrived  at  from 
experiments  with  nine  different  cells,  the  internitl  reaialarice  -if  which  varitil 
Irom  0  38  8,  U.  to  4-1  S.  V. 
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The  Odc  Handred  and  Forty-first  Ordinary  General  Meeting 
of  the  Society  was  Leid  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
February  26tb,  1885 — C.  E.  Spagnoletti,  Esq.,  M.  Inat.  C.E., 
President,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 
The  following  transfers  from  Associates  to  Jlembers  were 
announced : — 

George  B.  Almond. 

John  Scudamore  Sellon. 

J,  R.  II.  Williamson. 

Donations  to  the  Library  of  the  Society  were  announced  as 
having  been  received  since  the  last  meeting  from  the  following : — 
C.  Jurgens,  of  Rome,  and  the  Institution  of  Civil  Engineers,  to 
whom  a  vote  of  thanks  was  accorded. 

The  balance-sheet  having  been  presented,  according  to  the 
.^rticlea  of  Association,  the  Presipkst  moved  that  it  be  received 
and  adopted.  Mr.  W.  E.  Langdos  seconded  the  resolution,  which 
was  thereupon  carried. 

The  President  stated  that,  in  accordance  with  the  minutes 
that  have  been  read,  the  resolution  of  the  Council  in  reference  to 
the  Electric  Lighting  Act  has  been  sent  to  the  Board  of  Trade, 
and  that  we  have  had  an  official  acknowledgment  ot  vta  ie<ie\\i\. 
rot,  xn:  6 
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On  the  occasion  of  our  lust  mpeting,  the  discusaion  of  Captain 
Sankey'a  paper  occupied  rather  longer  than  we  anticipated,  and 
there  was  only  suflBcient  time  left  for  Mr.  Tirarais  to  read  his 
paper,  the  discussion  on  which  we  shall  therefore  take  to-night. 
I  am  glad  to  see  many  railway  gentlemen  here,  whose  valuable 
opinions  we  shall  he  very  pleased  to  hear,  as  the  aystem  of  signal- 
working  on  all  railways  is  a  most  important  one,  and,  as  regards  its 
cost,  a  very  espeneive  item  since  the  introduction  of  the  locking- 
system. 

[The  following  paper,  although  read  at  the  last  meeting,  is 
here  inserted,  instead  of  in  the  ]ireviou3  number  of  the  Journal, 
so  that  tho  paper  and  discussion  may  appear  together.] 

THE  WORKING  OF  RAILWAY  SIGNALS  AND  POINTS  BY 
ELECTRO-AUGNETS,  AND  CONTROLLING  THEM.  IN 
CONJUNCTION  WITH  A  COMPLETE  BLOCK  SYSTEM, 
EFFICIENTLY  AND  ECONOMICALLY  BY  A  CURRENT 
FROM  A  PRIMARY  OR  SECONDARY  BATTERY. 

By  Iluus  a.  Timmis,  M.  lnst.M.E. 

The  objects  of  this  paper  nre  to  describe — 

Ist.  The  new  long-puU  electro-magnets,  the  invention  of  Mr. 
Stanley  Currie,  which,  by  a  direct  pull,  actuate  railway  signals 
and  points,  etc. 

2ndly.  A  complete  railway  block-system  worked  and  con- 
trolled by  means  of  an  electric  current  (generated  by  a  primary 
or  secondary  battery),  so  that  complete  efBciency  and  safety  are 
combined  with  lessened  first  cost  and  maintenance. 

It  is  not  necessary  to  describe  in  detail  the  work  that  has  been 
done  in  electro-magnets  up  to  the  invention  of  the  Currie  magnet. 
It  wUl  suffice  to  say  that  the  practical  attractive  pull  of  a  bobbin 
on  its  armature  in  an  ordinary  magnet  does  not  extend  beyond 
half  an  inch,  and  that  the  attraction  increases  inversely  as  the 
Bquare  of  distance  for  the  greater  part  of  the  range,  and  for  part 
of  the  stroke  as  the  cube.  As  a  consequence,  the  length  of  range 
Js  not  sufficient  to  get  a  practical  useful  pull,  and  the  impact  is 
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destructive.  If,  however,  mull  ipljing  gear  is  used,  a  proportionate 
increase  of  size  of  magnet  and  strength  of  current  are  neoeasary, 
■and  the  damaging  effect  of  final  impact  is  increased  in  an  equal 
ratio. 

On  the  other  hund,  if  any  of  the  nunaerotis  solenoid  airange- 
ments  are  ased,  though  n  long  and  even  pull  can  be  got,  the 
weight  of  the  bobbin  is  excessive,  and  the  final  or  holding  pull  is 
of  no  practical  value. 

CUBBIE  LOSG-PDLL  MaGNET. 

In  the  long-pull  electro-magnet,  shown  full  size  in  the  accom- 
panying diagram,  Plate  I.,  Fig.  1,  which  is  the  invention  of 
Mr.  Stanley  Currie,  the  principle  adopted  is  a  combination  of  the 
horse-shoe  magnet  and  solenoid,  with  additions ;  but  the  con- 
struction is  BO  materially  modified  as  to  give  far  greater  power 
and  efficiency,  and  the  magnetic  attraction  is  more  evenly  dis- 
tributed over  a  longer  range,  while  the  initial  pull  is  stronger  and 
acts  at  a  greater  distance  than  in  any  other  electro-magnet  of  the 
same  weight  and  with  the  same  current.  The  range  already 
attained  in  practice  is  SJ",  and  can  be  increased, 

The  bobbin,  B,  here  shown  standing  upright  on  one  end,  ia 
made  with  a  tubular  core,  C,  of  soft  iron,  and  the  coil  of  wire,  KK, 
wound  around  it  is  surrounded  by  an  outer  casing  of  soft  iron,  B, 
of  the  same  weight  aa  the  core,  with  a  soft  iron  base-plate  at  the 
bottom  of  the  bobbin,  connecting  the  core  with  the  outer  casing ; 
a  brass  plate,  V,  covers  the  wire  at  the  top.  The  copper  wire 
nsed  in  the  coil  is  Xo.  18  B.\V.G.,  or  0-048"  thick.  The  armature 
coDsiflts  of  three  portions,  each  one  playing  its  part  in  the  work 
to  be  done.  The  central  stalk,  A,  of  soil  iron  is  rather  shorter 
than  its  own  range  of  motion,  and  is  encased  in  a  brass  tube,  T, 
which  is  prolonged  below  it  so  as  to  form  a  guide  fitting  within 
the  bobbin  core.  The  eoft  iron  cap  or  disc,  D,  fastened  on  the 
top  of  the  central  stalk,  is  slightly  larger  in  diameter  than  the 
onter  ca«ng  of  the  bobbin,  B.  It  is  made  by  preference  of  two 
or  more  thicknesses  of  Hat  plate,  to  assist  in  demagnetisation,  but 
it  must  be  thick  enough  to  prevent  saturation  with  any  working 
current.     Round  the  edge  of  tbe  disc  runs  a  cyUndricaV  tua  or 
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flange,  F,  projecling  dovmwards;  it  is  so  shaped  as  to  suit  the 
attraction  required,  and  it  comes  within  the  range  of  attraction  of 
the  outer  casing  of  the  bobbin  when  the  lower  end  of  the  central 
stalk  has  entered  within  tiie  core.  When  the  rim  in  turn  has 
done  its  duty,  the  disc,  D,  comes  within  range  of  attraction  of  both 
outer  casing  and  inner  core, 

U-ni/ormUy  of  Pull. — So  long  as  the  central  stalk  or  armature 
rod  is  altogether  out  of  the  bobbin  core,  the  attraction  upon  it 
continues  to  be  inversely  as  the  square  of  its  distance  from  the 
bobbin  j  but  as  soon  as  the  end  of  the  rod  enters  within  the  orifice 
of  the  core,  the  force  of  attraction  becomes  lost  upon  so  much  of  its 
length  as  is  inside  the  core.  The  same  diminution  in  attractive 
force  holds  good  in  regard  to  the  flanged  rim  of  the  armature 
disc  as  soon  as  its  lower  edge  passes  helow  tlie  upper  edge  of  the 
bobbin.  The  force  of  attraction  varies  also  directly  as  the  mass 
of  the  body  attracted.  Advantage  is  therefore  taken  of  these  two 
principles  in  combination,  to  regulate  or  adjust  the  diagram  of 
pull  in  such  a  way  as  to  obtain  some  sort  of  approximation  towards 
uniformity  throughout  the  3^"  range  of  stroke  of  the  armature. 
This  is  accomplished  by  tapering,  in  the  manner  shown  in 
Figure  1,  the  lower  end  of  the  armatiu-e  stalk,  A,  and  also  the 
Hanged  rim,  F,  according  to  the  desired  adjustment  of  the  attract- 
ive force;  in  addition  to  which  the  thickness  of  the  annature 
disc,  D,  and  the  distance  that  its  flanged  rim,  F,  projects  down- 
vards,  as  well  as  the  thickness  of  the  rim,  can  also  be  varied  ; 
and  in  some  cases  the  bottom  edge  of  the  flange  is  made  of  a 
serrated  or  wavy  form.  The  xesult  is  that,  when  the  strength  of 
the  pull  on  the  armature  stalk  and  flanged  rim  ia  decreasing, 
owing  to  their  having  both  of  them  reached  and  passed  the 
position  of  maximum  attraction,  the  pull  on  the  disc  is  increasing 
as  it  nears  the  bobbin. 

By  suitably  adjusting  the  proportions  of  the  various  parts,  the 
pull  can  be  so  varied  in  force  and  range  that  it  can  be  adapted  to 
meet  almost  any  requirements. 

It  must  be  noticed  here,  in  connection  with  the  working  of 
aignalE,  that  the  diagram  of  resistances  of  the  signal  counter- 
veight  and  the  pull   of   the   magnet   can    be   made   to  follow 
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practically  the  same  line — in  other  words,  to  liave  the  aama 
values. 

Double  Lfngih  of  Pull. — -A  double  length  of  putl  is  readily 
obtained  by  the  simple  tandem  combination  shown  in  Plate  II. « 
Fig  3,  U  L. 

Here  a  p^  of  single  magnets  od  the  foregoing  principle, 
arranged  at  a  fixed  distanofaiwirt,  have  their  armature  guide-rod,  R, 
in  common  ;  the  lower  armature  disc,  L,  is  made  fast  upon  the  rod, 
while  the  upper  disk,  U,  bears  agivioat  a  shoulder  upon  it.  The 
range  of  the  lower  disk  being  nearly  double  that  of  the  other,  the 
first  part  of  the  pull  is  given  by  the  upper,  and  by  the  time  the 
ujijier  disc,  t',  has  closed  njion  its  own  bobbin  it  has  brought  the 
lower  disc,  L,  within  the  attractive  range  of  the  lower  inaguet,  by 
which  the  second  part  of  llie  pull  is  then  given,  the  armature 
rod,  R,  now  sliding  free  tbrough  the  upper  disc,  U.  This  arrange- 
ment is  suitable  for  working  signal  anns  that  are  required  to  stand 
at  the  three  positiuns  of  "dmiger,"  "caution,"  and  "line  clear,"  aa 
shown  in  Kjg  3,  Plate  11. 

Htiitiray  Signalii. — In  the  iipplication  of  llie  electro-inagnetH 
to  niilwtiy  signals,  the  ordinary  signal  i>osts  and  arms  are  utilised; 
bat  it  is  advisable  that  the  bearings  and  working  parts  should 
be  made  as  true  as  jiossible,  because,  though  friction  is  not  so 
material  when  the  work  is  done  by  manual  labour,  it  is  of  the 
utmost  importance  that  it  should  be  reduced  to  a  miuimiun 
where  electricity  is  the  motive  power.  As  there  are  no  compli- 
cated parts,  and  the  movements  are  all  simple  and  direct,  there 
is  Dodithculty  on  this  point. 

In  the  accompanying  drawing,  Piute  I.,  Fig.  2,  is  shown  the 
application  of  a  single  magnet  to  an  ordinary  signal  arm  intended 
lo  stand  in  only  the  two  jioaitions  of  "danger"  and  "line  clear." 
The  m.ignet,  j\l,  is  ti.xc-d  upright  on  a  bracket  at  the  back  of  the 
j>ost,  and  a  clmin  from  its  armature  jiuUs  upon  ti  disc  centered  on  a 
horizont.il  spindle  above  it.  TJte  disc,  0,  carries  a  lever  and 
count erweigbt,  V>'.  acting  in  opiwstlion  to  the  pull  of  the  magnet; 
and  also  an  arm,  1{,  which  is  connected  by  a  rod,  P,  with  a  bell- 
orank  centered  at  the  side  of  the  jmst.  Another  rod,  S,  connectn 
the   bell-crank  witJi  tlie  semaphore  and  6i>ectac\e.      ^V\\?ft  V\\e 
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irmgDet  is  out  of  action,  tlie  semaphore  ig  held  up  at  "danger"  by 
tUe  weight  of  the  Bjiectaele,  in  conjunction  with  the  counter- 
weight, W,  on  the  lever,  which  then  comes  against  a  stop,  V. 
In  this  position  ull  the  piU'ts  are  locked,  Id  congequence  of  the 
arm,  E,  hcing  then  on  its  dead-centre^that  is,  the  arm  and 
bell-crank  are  so  arranged  that  the  direction  of  the  rod,  P, 
connecting  them  passes  then  through  the  centre  on  which  the 
disc  turn?.  For  yet  greater  security  of  locking,  it  is  preferable, 
indeed,  to  let  the  connecting-rod  be  even  a  trifle  beyond  the  dead- 
oentrej  so  that  any  pull  upon  the  bell-crank,  from  wind  pressure 
or  accumulat  ion  of  snow  on  the  semaphore,  ehall  hold  the 
counterweight  lever,  W,  still  more  firmly  against  its  stop.  The 
locking  is  thus  done  mechanically,  and  is  independent  of  the 
magnet.  On  bringing  the  magnet  into  action  by  a  current  from 
the  signal-box,  the  pull  of  the  armature  rotates  the  disc,  raising 
the  counterweight  and  spectacle,  and  lowering  the  semaphore;  in 
this  position  the  semaphore  is  retained  so  long  as  the  electric 
current  is  continued.  On  the  cessation  of  the  current,  the  sema- 
phore is  automatically  raised  again  to  "danger"  and  locked  there 
mechanicidly  without  the  aid  of  extraneous  catches,  which  is  a 
most  important  feature. 

In  Fig.  3,  Plate  U.,  is  shown  the  application  of  the  double 
magnet  or  tandem  arrangement  to  a  balanced  semaphore  centered 
at  mid-length.  Here  the  pair  of  magnets  are  fixed  on  one  side 
of  the  post  and  the  disc  on  wlich  they  exert  their  pull  is  fixed 
on  the  spectacle  spindle.  A  rod,  R,  connects  the  spectacle  with 
a  crank  on  the  semaphore,  and  the  weight  of  the  spectacle  brings 
the  semaphore  to  the  horizontal  position  of  "  danger,"  in  which  it 
is  locked  mechanically,  as  before,  by  the  connecting-rod  being  then 
on  its  dead-centre.  An  electric  ciurent  sent  to  the  upper  magnet 
pulls  the  semaphore  to  an  angle  of  45°,  "  caution ; "  and  a  second 
current  sent  to  the  lower  magnet  pulls  it  vertical  for  "line  clear." 
In  either  jMsition  it  is  held  by  the  spectacle  acting  as  a  counter- 
weight against  the  retaining  pull  of  the  magnet. 

liailivay  Points.  —In  Fig.  5,  Plate  II.,  are  shown  the  magnets 

and  gearing  for  working  a  pair  of  railway  points.     These  magnets 

are  practicaUy  of  the  same  construction  as  for  working  signals, 


IMS.]  AND  POINTS  BY  E LE 0 Til 0 -MAG NETS.  8T 

but  arc  of  larger  size,  and  are  wound  with  copper  tape  iDstead  of 
wire,  in  order  that  they  may  take  a  maximum  current  with  a 
miniraum  of  resistance.  "VV'itii  a  current  of  23  amperes  and  an 
electro-motive  force  of  40  volts,  the  force  of  tho  pull  is  as  shown 
by  the  dotted  line  in  Fig,  4,  Plate  II.,  commencing  with  an 
initial  pull  of  33  lbs,  at  3|"  distance,  and  increasing  to  54  lbs. 
at  3",  and  to  a  home  pull  of  1 ,064  Iha.  As  will  be  seen  from  the 
diagram,  the  points  are  pulled  over  and  held  in  either  position 
by  the  sliding-rod,  R,  which  is  worked  by  the  lever,  and  is  locked 
by  the  locking-bolt.  The  slot  in  the  rod,  It,  is  made  J"  longer 
than  the  width  of  the  lever  working  in  it,  so  that  the  first  ^" 
(i^vel  of  the  lever  withdraws  the  lucking-bolt  by  means  of  the 
incline  on  the  extremity  of  the  lever,  before  the  lever  acts  upon 
the  Bliding-rod,  R. 

Where  a  jwiir  of  points  are  covered  by  a  signal,  the  locking- 
bolt,  in  conjunction  with  the  armature  of  the  magnet  which 
pulls  the  points  over  into  the  jMsition  corresponding  with  the 
Ngnal  when  down  for  "  line  clear,"  completes  the  circuit  which 
enables  the  signalman  to  lower  the  signal.  The  signal  is  checked 
by  its  automatic  repeater  in  the  signul-box.  The  other  point 
magnet  completes  with  the  locking-bolt  the  circuit  which  works 
II  repeater  in  the  signal-box. 

Electric  CurrenL—Vnr  working  signals  it  is  necessary  to  use  a 
maximum  current  for  lowering  them,  and  a  minimum  current  for 
holding  them  down  "free,"  so  that  their  normal  jwsition  may  be 
at  "danger,"  and  also  for  obvious  economical  reasons. 

From  the  full  line  in  the  diagram  Fig.  4,  Plate  II.,  it  will  be 
Keen  that  with  5  amperes  an  initial  pull  of  8  lbs.  at  a  distance  of 
34*  is  given,  and  the  home  pull  \»  321  lbs.  There  are  various 
ways  of  reducing  the  lowering  current  to  a  retaining  one.  It  is 
preferable,  however,  to  switch  out  tlie  main  battery  in  the  case 
of  a  primary  battery,  but  where  a  secondary  battery  is  used  a 
resistance  may  be  automatically  inserted  in  the  circuit.  Sup- 
pling each  signal  is  lowered  150  times  in  each  24  hoiu-s,  and 
tliat  each  lowering  takes  2  seconds,  and  that  10  amperes  is  the 
lowering  cm'rent  and  -2  the  retaining  current,  and  5  ohms  is  the 
circuit  resistance  —  '\50x2  =  300  =  S, 
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Then    lowering    current  C   =    10;   R   =  5,  E    =50,   and 

C  R  =  500,  and  H.P.  =  '^  =  -67. 
'  74b 

H.P.  9.  =  --^  •  -  =  201  and  H.P.  h.  =  -05535  per  signal  per 

diem.    Then  retaining  current  wbich  may  be   supposed   to   be 
running  for  12  hours  out  of  each  24, 

C  =  -2 ;  R  =  5,  E  =  1,  and  C  R  =  -04  and  H.P.  =  %S 

746 

and  H.P.  h.  =  -00321. 

Thus  -05535  +  -00321  =  "05856  per  signal  per  diem,  allowing 
60  per  cent,  loss  of  battery  in  use  at  2d.  per  H.P.  per  hour,  then 
•05856  X  2  X  2d.  =  -232d.,  or  less  than  }d.  per  diem. 

The  expenditure  of  the  electric  current  in  connection  with  the 
working  of  points  only  takes  place  while  the  points  are  being 
moved,  as  they  are  automatically  locked  in  position  as  already 
described. 

Advantaijee. — The  advantages  of  working  signals  and  points 
by  this  system  are  that  their  distance  from  the  signal-box  is 
immaterial,  inasmuch  as  the  electric  working  gets  rid  of  all  the 
mechanical  difficulties  which  arise  from  excessive  expansion  and 
contraction  of  lever  wires  and  from  the  severe  pull  required  to 
work  them  through  long  distances.  And  in  case  of  distant  signals 
and  those  in  tunnels,  irrespective  of  distance  and  {losition,  the 
three  [lositions  can  be  used,  and  a  perfect  check  or  tell-tale,  R, 
maintained  in  the  signal-cabin.  The  advantages  in  the  working 
of  points  are  that  all  ground  rodding  is  done  away  with ;  the 
points  may  be  in  any  convenient  ]X)sition  without  regard  to  dis- 
tance from  cabin. 

Application  of  the  Whole  Svstem. 

In  Fig.  6,  Plate  III.,  is  given  an  illustration  of  the  application 
of  this  electric  system  to  working  the  signals  and  points  of  an 
ordinary  junction  where  there  is  a  double  line  of  way  both  on  the 
main  line  and  on  the  branch.  The  signal-box  is  here  divided  as 
regards  the  electrical  connections,  levers,  and  switches,  into 
thirteen  divisions,  1  to  13. 

Sup}3ose  an  up  main  line  train   is  required  to  be  turned  into 
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the  branch,  it  will  be  necpssary  to  work  the  points  P  6  and  the 
(hree  signals  on  the  up  main  line,  namely,  the  distant  aignal,  Si, 
the  home  signal,  S  3,  and  the  starting  signal,  8  5.  The  lever  of 
the  points  P  6  is  first  pulled  over  the  division  6  of  the  signal  boi, 
vfJiereby  an  electric  connection  'n  made  between  6  and  7,  the  up 
branch  points  being  thus  set  right  for  the  up  train  to  pass  into 
the  branch.  The  down  branch  point  lever,  6,  must  be  back  or  in 
its  normal  ixmilion,  in  order  to  let  the  current  pass  throngh  to 
division  3  for  lowering  the  home  signal,  S  3.  As  soon  as  the 
signal  lever  is  pulled  over  and  the  signal  lowered,  the  current  can 
paas  on  to  1,  for  enabling  the  distant  signal,  S  1,  to  be  lowered. 
Last  of  all,  the  current  car  pass  to  J,  lowering  the  starting 
signal,  S  5. 

Suppose  another  case  of  a  trdin  approaching  the  junction  on 
the  down  branch,  to  pass  ujion  the  down  main  line ;  the  home  and 
distant  down  branch  signals,  S  12  and  S  13,  iviJl  have  to  be 
lowered.  The  points  I'  8  must  first  lie  in  their  normal  position, 
and  their  lever,  8,  must  be  back,  before  the  electric  current  from 
the  battery  can  pass  thrjugh  8  to  I'J  and  thence  to  10,  for 
lowering  the  home  signal,  S  12,  and  afterwards  to  13  for  lowering 
the  distant  signal,  S  13.  It  is  nov/  impossible  to  lower  the  home 
and  distant  signals,  S  10  and  S  II,  of  the  down  main  line,  because 
(he  current  for  working  these  signals  is  prevented  from  passing 
by  the  act  of  pulling  forward  the  lever  that  belongs  to  the  home 
signal,  S  12,  of  the  down  branch. 

Any  systems  or  series  of  systems  can  be  arranged  in  a  very 
small  sjmce,  and  so  that,  if  itny  wrong  lever  or  switch  is  moved  in 
working  a  given  system,  a  bell  is  rung  and  the  signals  go  to 
danger. 

Wien  a  train  parses  a  signal  post,  it,  by  the  deflection  of  the 
rail,  breaks  the  circuit  through  which  the  electric  current  rtins  to 
the  magnet,  and  automatically  puts  the  signal  to  danger. 

Plate  IV.,  Figs.  7  and  8.- — The  signalman  in  cabin  B  cannot 
lower  his  departure  signal  till  permission  is  given  to  him  by 
station  C.  This  is  a  usual  procedure;  but  the  special  feature 
throughout  this  system  is  the  use  of  a  continuous  current  always 
running  when  work  has  to  be  done,  and  this  current,  N«\ie\,\iCT 
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working  signals  or  points  oz  block  instruments  or  repeaters,  % 
automatically,  stopped  thus  effectually  combiniug  safety  SH 
et^noniy. 

In  Plate  IV.,  Fig.  9,  the  signal  switches  are  sbovn  at  1,  SE 
3,  4,  5,  9,  10,  11,  12,  13,  and  the  point  levers  (here  worked  b^ 
band  and  electrically  locked  with  signals)  by  Xos.  6,  7,  8.  fl 


Lll— 
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Mr,   Lancaster   Oht:s:     1   have   been   called   upon   by  th' 
President  to  express  my  views  on  the  subject  of  Currie's  long-puL 
magnet  as  applied  to  railway  signals. 

1  must  preface  my  remarks  by  saying  that  I  do  not  profesa 
be  an  electrician,  bat  a  railway  engineer. 

We  railway  engineers  have  for  a  very  long  time  been  seeking 
a  more  effectual  and  reliable  method  of  actuating  distant  signals 
than  the  present  arrangement  of  wires,  etc.,  wliicli  are,  as  is  wel " 
known,  affected  by  temperature  and  other  extraneous  influences. 

A  great  deal  of  jjains  and  cost  has  been  expended  in  exjieri- 
iiienting  upon  all  kinds  of  mechanical  appliances  for  this  puri>ose^ 
and  more  especially  for  mod  ifying  the  efl'ecta  of  changes  of  te 
perature  ui>on  the  wires. 

The  long-pnll  magnet  invented  by  Mr.  Currie  has  lately  beeO 
brought  t«  my  notice,  and,  as  far  as  I  can  judge,  it  appears  to  give 
lis  exactly  what  we  have  been  seeking  for. 

We  shall,  I  hope,  he  able  to  abandon  the  use  of  the  existing 
liieclinnical  iippliunees,  the  complicated  nrraiigf  nients  for  adjusting 
signal  wires,  and  the  use  of  heavy  levers,  with  repeatera  and 
j,'euring,  and,  as  far  as  I  am  judge,  we  shall  be  ul)le  to  pull  down 
the  signal-  arms  by  means  of  this  long-pull  magnet  in  a  very  mucli 
more  effectiia!  manner,  and  with  much  more  ease  and  certainty 
than  lias  hitherto  been  the  case. 

As  I  said  before,  I  do  not  profess  to  be  an  electrician,  I  leave 
the  electrical  part  of  the  business  to  the  gentlemen  belonging  to 
this  Society,  who  are  experts,  and  who  will  be  able  to  discuss  it 
with  an  authority  and  knowledge  which  no  one  not  being  a  train' 
imd  experienced  electrical  engineer  cnuld  hope  to  attain  to. 

Mr.  TiAKQDON :  I  do  not  think  I  can  add  much  to  the  interest 
[the  diacasaioii,  but  I  should  like  to  ask  Mr.  Timmis  to  stat«. 
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when  he  is  replying  to  the  remarks  wliicb  may  be  offered  during 
the  discusaion,  whether  he  has  had  any  oijporLuuity  of  practically 
lesting  his  method  of  working  the  points.  We  know  that  railway 
poitita  are  frequently  placed  in  very  awkward  positions.  I  take  it 
that  bia  magneta  could  scarcely  be  placed  underground,  and  there- 
fore they  must  be  placed  somewhere  above-ground.  In  such  a 
{  oaition  they  would  necessarily  have  to  be  protected  in  some  way. 
They  must  be  covered  by  some  hut,  or  structure  of  that  kind,  and 
it  appears  to  me  that  there  would  be  some  inconvenience 
attending  the  finding  of  a  convenient  place  for  such  a  hut.  If, 
then,  the  hat  has  to  be  placed  at  some  distance  from  the  points, 
these  will  he  productive  of  a  great  deal  of  friction.  Rodding  must 
be  Q^ed,  but  to  what  esteut  would  be  regulated  by  the  cii'cum- 
stances  which  attended  the  arrangement  of  the  points  to  be 
operated.  This  seems  to  me  to  be  a  very  serious  queationj  and  I 
have  no  doubt  Mr.  Timmis  has  given  it  clue  consideration.  I 
quite  concur  with  the  gentleman  who  has  laat  s])okeu,  that  the 
magnet  will  probably  prove  of  service  for  distant  signals.  Distant 
ngnals  have  sometimes  to  be  placed  in  very  nwkwiird  positions, 
and  it  ia  important  that  they  should  bo  jilaoed  well  within  view  of 
III©  engine-drivers.  This  is  no',  always  woU  obtainable  at  the 
present  time  with  the  mechanical  arrangement,  but  by  the  aid  of 
electricity  fiich  signals  can  bo  werki'J  any  distance  :  it  ia  only  a 
question  of  battery  power.  But  with  regard  to  the  general  scheme, 
I  hardly  think  that  I  can  look  upon  it  us  one  which  is  likely  to 
-ii[iersede  the  present  mechanical  arrangement,  with  economy, 
Fcr  a  large  signal-box,  it  seems  to  mo  that  a  very  great  deal  of 
attention  would  be  required,  and  in  case  of  failure  that  we  might 
idraost  require  to  have  an  electrician  on  the  ground.  We  know 
that  in  all  electrical  apparatus  failures  will  take  place  in  the  same 
manner  as  with  mechanical  apparatus. 

An  electrical  system  no  doubt  affords  a  more  ready  means  of 
accomplishing  that  which  is  recognised  as  "  interlocking  " — that  is, 
you  have  by  it  a  ready  means  of  disconnecting  or  connecting  up 
your  circuits.  Tlicre  is  that  advantage  in  Jlr,  Timmis's  arrange- 
ment ;  but  should  any  failure  lake  place,  I  am  very  much  of  opinion 
that  It  would  call  for  the  preSiUce  of  an   electrician— ceTliv\Ti\v 
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somebody  pofsessed  of  more  ability  and  intelligence  than  the 
ordinary  lineman.  This,  as  regards  the  commercial  aspect  of  the 
question,  is  ray  view  of  the  wise,  I  (hink  the  arrangement  will 
be  of  service  for  dislRnt  signals  ;  hut  in  its  application  to  the 
general  management  iind  working  of  a  signal-box  I  think  that  it 
would  be  well  to  obtain  some  practical  experience  before  we 
venture  very  far. 

Sir  CuARLics  BitiGHT  then  illustrated,  by  drawings  on  the  board, 
Mr,  Edward  Bering's  and  Count  de  Moleyn's  machines,  made 
many  years  ago  with  the  object  of  attaining  a  long  pull  or  stroke 
with  elect ro-magn els. 

Professor  Hlobes:  I  have  for  many  years  taken  a  great 
interest  in  the  subject  of  long-pull  magnets,  and  Mr.  Currie's 
resolution  of  the  problem  seems  well  worthy  of  at(*'ntion. 

We  know  that  an  ordinary  ek-ctro-magnet  has  a  strong  but 
unequal  force  through  a  small  i-ange. 

Page  of  Washinglon  tried  to  eliminate  these  defects,  and, 
after  a  series  of  most  remarkable  experiments,  extending  from 
1837  to  IHJO,  upon  different  forms  of  electro-magnets  most  suit- 
able to  he  employed  us  a  motor,  finally  adopted  what  he  termed 
the  axial  force,  viz.,  that  by  means  of  which  an  iron  core  is  drawn 
into  a  coil.  1  liad  the  jileasure  of  visiting  Mr.  Page  in  1855,  and 
he  showed  me  his  electro-motors,  the  most  powerful  of  which 
consisted  of  a  series  of  coils  superposed. 

The  electrical  connections  being  so  arranged  that  these  coils 
were  brought  successively  into  action,  the  coil^  were  wound 
with  square  insulated  copper  wire,  each  coil  being  about  eighteen 
inches  diameter  and  eight  inches  deep,  with  a  central  oi>ening  of 
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seven  inches.    An  iron  rod  three  feet  long,  six  inches  diameter, 
Haj  drawn  into  these  coils  by  the  axial  force,  producing  a  stroke 
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or  length  of  pull  of  two  feet.     The  length  of  pull,  however,  could 
be  increased  to  any  desired  length  by  adding  more  coils. 

In  appearance  it  resembled  the  cylinder  and  piston  of  a  Bteam- 
«iigine,  and,  like  the  piston,  the  rod  was  geared  to  a  crank  by  a 
crank  shaft,  as  shown  in  Fig.  1,  where  A'A"A"'A""  are  a  Eeries  of 
coils,  B  the  iron  rod,  C  the  shaft,  and  D  the  crank. 

Page  certainly  obtained  remarkable  results,  for  when  using 
his  coils  and  rod  as  an  electric  hammer,  he  could  by  its  means 
raise  vertically  500  pounds  with  a  stroke  of  two  feet.  He 
employed  his  motor  in  driving  a  circular  saw,  which  would  rapidly 
saw  boards  of  two  inches  in  thickness.  The  most  remarkable 
Application  that  lie  made  wa'f  the  driving  of  an  ordinary  large- 
size  American  railway  carriage,  employing  for  this  two  of  his 
motors,  each  being  connected  directly  to  the  car  wheels.  The 
speed  obtained  was  tiffeen  miles  per  hour.  It  failed,  however,  in 
practice,  owing  to  the  cost  and  short  duration  of  Grove's  battery 
(the  most  powerful  source  of  electricity  available  at  that  time). 
If  Page  had  possessed,  as  we  now  possess,  the  comparative 
economic  and  powerful  currents  of  our  dynamo  machines,  his 
electric  railway  would  have  been  an  imdonbted  success. 

Xtany  attempts  were  made  in  England,  amongst  whom  Mr. 
Allan  (1854)  produced  a  long-stroke  engine,  by  employing  a 
series  of  eleetro-maguets  acting  successively  upon  a  series  oF  iron 
discs  hung  loose  upon  a  central  rod,  but  bearing  upon  shoulders 
ii]ton  this  rod  at  the  desired  interval,  in  a  manner  somewhat 
similiu-  to  the  tandem  combination  as  shown  by  Mr.  Currie. 

Froment,  in  Paris,  made  numerous  experimental  forms  of 
long-pull  magnets,  and  adopted  for  his  electric  clocks  a  form  by 
means  of  which  he  could  obtain  an  equal  mechanical  force  from 
ilie  unequal  force  of  attraction  at  different  distances  of  an  electro- 
magnet upon  its  armature. 

ffe  employed  a  system  of  double  levers,  somewhat  similar  to 
ihe  toggle  joint  of  a  print  in  g-preSB. 

This  is  shown  in  Fig.  2,  where  A  is  the  electro-magnet,  B 
the  annature,  C'C"  double  levers  attached  to  the  armature  and 
fued  pivot,  E.  The  central  junction  of  the  levers  gives  rise  to  a 
motion  of  the  connecting-rod,  D,  whose  position  can  \ie  le^uXaVeA 
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eo  as  to  have  sn  eqnul  force  from  the  variable  power  of  the 
armature. 

In  Fig.  3,  the  electro-magnets,  A'A",  act  equally  upon  the 
annature,  B,  producing  a  perpendicular  pull  or  movement  of  the 
armature  of  about  two  inches. 

A  very  remarkable  compensation  for  the  variable  force  was 
invented   and   applied   by   Hobert   llondin.     The  armature,   by 
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means  of  a  curved  lever  acting  upon  a  second  lever,  changed  its 
leverage  in  proportion  to  the  increase  of  force,  jiroducing  a 
remarkable  equal  power  upon  the  second  lever  throughout  its 
entire  coiu'se.  This  is  shown  in  Fig,  4,  where  A  is  the  electro- 
magnet, B  the  armature,  carrying  on  its  axle  the  curved  lever  C. 
The  second  lever,  D,  haring  a  separate  aile,  E,  produces  an  equal 
force  upon  the  connecting-rod,  F. 


Fio,  4 

Whilst  engaged  upon  the  invention  of  my  printing  telegraph 
instrument  (1848J,  I  found  that  if  I  employed  the  ordinary 
electro-magnet  my  instrument  would  not  be  a  succesB. 

The  problem  in  my  case  was  a  difficult  one.  I  required  that 
the  armature  should  move  -with  sufficient  power  and  length  of 
movement  to  open  or  unlock  a  detent  connected  with  the  printing 
levers.    It  regnlred  that   this  movement  should  be  exceedingly 
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rajtid  and  poverful.  And  m  order  that  the  iufltrument  should  be- 
iiWe  to  work  at  greater  distances  and  with  more  feeble  currents 
than  jiossible  witVi  the  Morse  or  aiiy  instrument  requiring  suffi- 
cient current  to  produce  even  ii  slight  motion  to  an  anaature,  it 
was  retjuired  that  an  exceedingly  feeble  current  should  produce 
a  mechanical  force  of  almost  unlimited  power  and  rapidity  of 
action. 

After  numerous  hopeless  failures,  I  finally  (1840)  resolved  the 
problem,  in  the  complete  manner  which  now  exists  and  is  employed 
upon  all  ray  instruments  throughout  Europe. 


Fig  5.  Fir.  G, 

A  lieing  the  electro -magnet  polarised  by  a  powerful  permanent  magnet,  F. 

B,  the  armature  near  or  in  contael  witli  tlie  poles  of  the  plcctro -magnet. 

C  tbe  armaUiri?  lever,  upon  which  is  applied  the  lialiincing  ar  uppusing  spring; 
or  weij;ht,  D. 

E,  tbc  detent  or  mecbaniim  upon  which  it  is  desired  that  the  armature  should 
Bit  with  a  jHiwerful  meeh.inical  force.  The  adjusting  screw,  F,  of  the 
lii-tent  does  not  touch  or  rest  on  the  armature,  conaequctltly  any  motion  of 
vlie  annatura  upon  its  leaving  t  lie  electro-magnet  ii  not  interfered  with  by 
nny  friction  or  rcsiotance. 

Instead  of  requiring  that  a  current  passing  through  an  electro- 
magnet should  produce  a  slight  motion  of  an  armature,  [ 
required  that  it  should  produce  (as  it  must  in  every  case)  a  slight 
difference  in  the  electro-magnet ;  and  supposing  that  the  arma- 
ture in  contact  with  the  electro-magnet  could  be  so  balanced  by 
weights  or  springs  as  to  be  in  a  state  of  equlibriam,  then  the 
weakest  current  would  destroy  this  equilibrium,  and  allow  the 
Bpring  or  weight  to  act  upon  the  armature. 
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The  general  idea  of  this  system  U  shown  in  Fig,  6,  the  side 
view,  Fig.  C,  being  the  front  view. 

Let  us  aesume  that  the  permanent  magnet  polarises  the  soft 
iron  in  cores  of  the  electi-oniagnet,  and  that  its  armature  in 
contact  would  require  100  pounds  at  I)  to  detach  or  balance  the 
holding-power.  It  is  evident  that  when  it  became  detached  from 
the  poles  the  armature  would  rise  with  the  full  force  of  the  weight, 
T),  and,  by  a  powerful  hammer  blow,  act  upon  the  lever,  E. 

If  we  now  replace  the  armature,  and  balance  the  holding- 
power  by  an  adjustable  si)rLag,  D,  so  that,  whilst  the  electro- 
magnet holds  with  a  force  of  100,  the  opposing  spring  tends  to 
detach  the  armature  with  a  force  of  99,  it  is  evident  that  a  cur- 
rent passed  through  the  elect  ro-raaguet,  reducing  its  holding- 
power  by  2  (thLi  holding-power  then  being  but  98),  would  allow 
the  armature  to  rise  and  act  ujion  the  detent  with  the  full  force 
of  99.  The  armature,  on  being  detached  from  the  electro- 
magnet, reiiuires  to  be  replaceil  in  its  original  state  of  repose  by  a 
mechanical  force :  this  is  done  hy  moans  of  a  cam  acting  upon 
the  lever,  E,  so  as  to  replace  the  armature  after  each  action. 

Thus  the  only  motions  are  due  solely  to  mechanical  forces,  and 
we  can  obtain  a  movement  of  an  armature  of  great  length, 
rapidity,  and  force,  and  this  by  the  action  of  an  extremely  feeble 
current,  as  we  may  adjust  the  differential  forces  of  the  holding- 
power  of  the  magnet  and  the  balancing-spring  to  any  degree 
of  sensitiveness  required. 

Electro-magnetism  in  this  case  acts  with  its  maximum  effect, 
the  armature  at  the  time  of  its  action  being  close  or  in  contact 
with  its  poles ;  whilst  in  other  electro-magnets,  such  as  a  sensitive 
telegraph  relay,  the  armature  is  at  a  distance,  and  the  electro- 
magnetic effect  is  diminished  as  the  square  of  this  distance. 

The  practical  consequence  of  the  sensitiveness  of  the  magnet 
1  have  described  is,  that  my  instrument  is  now  working,  and  ha« 
worked  for  many  years,  upon  the  longest  direct  telegraph  lines 
in  Europe,  and  these  nre  at  least  double  the  length  that  would 
be  worked  by  the  ordinary  Morse  instrument. 

Myohject  in  describing  this  magnet  is  to  show  its  applicability 
to  the  working  of  railway  signals.     This  has  been  accomplished 
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with  great  saccess  by  Mr.  Lartigue,  in  France,  and  the  signals 
of  the  Northern  Railway  of  France  are  worked  by  its  means.  Mr. 
S^ke-s  has  also  applied  this  magnet  in  his  system  of  signals 
applied  to  the  London,  Chatham,  aad  Dover  RaiJn-ay. 

I  do  not  wish,  however,  to  say  that  any  particular  form  of 
electro-magnet  is  suitable  for  all  purposes,  as  evidently  the 
problem  which  Mr.  Currie  proposes  seems  moat  admirably  fulfilled 
by  his  long-puU  electro-magnet. 

Mr.  Currie's  electro-magnet  will  no  doubt  find  a  field  of  nse- 
foless  in  many  valuable  applications;  and  I  can  only  express  my 
admiration  at  the  simple  manner  in  which  he  has  achieved  the 
success  that  he  has  shown  ns  this  evening. 

Mr.  A.  J.  S.  Adams:  A  remark  just  made  by  Professor  Hughes 
regarding  the  failure  of  a  b;ittery  appears  to  me  particularly 
pertinent  to  the  subject  under  discussion,  because,  although  the 
•Dggested  application  of  electricity  to  railway  switch  and  signal 
purposes  looks  well  at  first  sight,  its  practical  application  will 
eventually  show  that  the  authors  have  reckoned  without  their 
host.  I  imagine  that  certainly  is  an  important  factor  in  the 
carrying  on  of  such  work ;  whereas  battery  power — especially  in 
tbe  ease  of  batteries  having  large  plate  area — is  so  proverbially 
oncerlain  that  it  can  hardly  be  expected  to  perform  what  is  here 
claimed  for  it,  in  a  safe  or  satisfactory  manner.  Nevertheless, 
buttery  and  accumulator  power  might  be  usefully  employed  as  a 
means  for  tbe  application,  at  a  distance,  of  some  other  more 
economical  and  reliable  force.  It  is  unfortunate  that  the 
intentions  of  the  authors  in  respect  to  the  form  of  electrical 
power  were  not  explained. 

The  evils  attending  the  usual  mechanical  arrangements  have 
been  described;  but  I  fnil  to  see  the  necessity  for  so  expensive 
and  intricate  a  system  as  this,  wJien  railway  engineers  havejevery- 
if  here  an  abundant  water  supply,  cons t it  u ting  motive  power  ready 
lo  baud,  and  the  application  of  wliicb,  by  hydraulics,  to  switch 
(ind  signal  working,  even  at  great  distances,  would,  it  seems  tome, 
lie  It  more  simple,  certain,  and  preferable  method. 

Mr.  Coshab  W.  Cooke  :  Professor  Hughes  has  referred  to  the 
applic4itii)n  to  niilway  working,  by  7\l.  l.-irligue,  ot  tte  "Ru^M 
Vol.  Jr/v.  7 
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magnet — that  is  to  say,  a  permanent  horae-aboe  magnet  carrying 
on  each  pole  a  coil  through  which  an  electric  current  may  be 
transmitted  in  such  a  direction  as  momentiarily  to  destroy  or 
diminiah  its  sustaining  power.  I  should  hke  to  point  out  that 
tliis  magnet  is  employed  in  the  interlocking  block-system  of  Mr. 
Sykes,  which  is  in  use  throughout  the  London,  Chatham,  and 
Dover  Railway.  Some  time  ago  I  took  considerable  interest  in 
Mr.  Sykea's  experiments,  and  it  was  exceedingly  interesting  to 
observe,  in  connection  with  them,  what  heavy  mechanical  effects 
could  be  brought  about  at  a  distance  with  so  small  an  expenditure 
of  electricity.  The  heavy  lifting  is  done  by  the  arm  of  the 
signabnan  in  pulling  over  the  levers,  an  armature  is  thereby  lifted 
Up  against  the  poles  of  the  Hughes  magnet,  there  to  be  held  by 
magnetic  attraction  until,  by  the  transmission  through  its  coils  of 
a  comparatively  feeble  current  of  electricity  (in  a  direction  whose 
tendency  ia  to  depolarise  the  magnet),  the  sustaining  power  is 
destroyed,  the  armature  falls  away,  and  the  locking  apparatus  is 
released.  The  great  advantage  of  Professor  Hughes's  magnet  in 
such  an  application  is  that  its  sustaining  power  remains  as  long 
as  no  current  is  transmitted  through  its  coils,  and  is  moment- 
arily destroyed  the  instant  a  current  is  sent  through  them.  There 
is  thus  no  expenditure  of  electricity,  except  at  the  moment  the 
mechanism  has  to  be  released. 

Mr.  Preece  :  It  is  always  extremely  interesting  to  bear  of 
what  has  been  done  in  the  past ;  but  there  is  this  disadvantage 
in  listening  to  mere  history,  that  we  can  only  hear  of  failures. 
Now,  we  had  a  paper  read  before  us  on  the  last  occasion,  that  was 
a  distinct  account  of  a  success ;  and  I  think  Mr.  Timmis  has  been 
the  first  who  really  has  shown  in  practical  operation  a  long-pull 
magnet,  and  a  long-pull  magnet  applied  to  an  extremely  useful 
purjjose.  I  had  the  great  pleasure  of  being  shown  by  Mr. 
Timmis  the  working  of  signals  and  the  working  of  his  system  in 
bis  office  in  Great  George  Street;  and  it  certainly  would  well 
repay  any  electrician  who  has  the  interest  of  his  profession  at 
heart,  to  pay  Mr.  Timmis  a  visit,  and  see  there  how  he  has 
applied  electricity  to  this  practical  purjmse.  Again,  Mr.  Timmis's 
ajeiem  has  been  applied  on  a  practical  scale  at  Swansea,  and  T 
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bear  from  the  manager  of  the  Swansea  Docks  that  it  is  there  a 
decided  success.  Well,  I  am,  as  jou  all  are  probably  aware,  an 
electrician,  and  I  love  my  profeBBion.  I  am  not  a  cobbler,  but  I 
am  a  believer  in  that  old  proverb  that  nays  '•  every  cobbler 
should  stick  to  his  last ;"  and,  as  an  electrician,  although  I 
]>erfectly  agree  in  much  that  Mr.  Timmis  has  said,  and  in  justice 
to  the  success  of  Mr,  Timmia's  long-puU  magnet,  yet  I  say,  as  an 
electrician,  I  do  not  think  Mr.  Timmis  is  right  in  applying  hia 
principle  to  every  condition  where  electricity  should  be  applied. 
I  do  not  think,  much  as  I  like  electricity,  that  electricity  should 
be  used  where  mechanical  power  can  be  used  to  better  advan- 
tage, and  I  think  that,  in  carrying  out  this  hobby,  Mr,  Timmis 
has  carried  it  a  little  bit  too  far.  It  is  all  very  well  to  have  long- 
poll  magnets,  and  to  pull  down  signals  at  a  distance  where 
mechanical  power  cannot  be  api>lied ;  but  it  is  useless  to  apply 
electricity  to  pull  down  a  signal  at  home  when  you  can  do  it 
with  a  much  less  espenditure  of  power  by  mechanical  means. 
Id  his  paper  he  has  pointed  out  iLat,  in  order  to  get  a  pull  of 
54  [MDunds  at  3  inches,  he  has  to  expend  a  horae-power  and  a 
quarter — that  is,  23  amperes,  with  an  E,M.F.  of  40  voItB,  or  920 
watts.  Well,  to  use  a  horae-power  and  a  quarter  to  get  a  pull 
that  any  child  can  esert,  is  to  my  mind  a  waste  of  power,  and  a 
wrong  application  of  electrifity,  unless  you  apply  that  electricity 
in  conditions  where  mechanical  power  is  impossible.  Now,  there 
ire  many  such  cases  on  railways,  I  am  an  old  railway  man :  it 
is  filteen  years  since  I  had  anythicg  to  do  with  railway  signals. 
I  bad  a  good  deal  to  do  with  them,  and  with  the  assistance  of 
one  of  my  oldest  and  best  friends,  Mr.  Langdon,  whom  I  am 
happy  to  see  here  to-night,  we  applied  a  great  many  experiments 
in  extending  electricity  to  the  application  of  signals  on  railways ; 
but  we  never  dreamt  in  those  days  of  pulling  signals  down  at  a 
distance  by  electricity.  Now,  with  what  Mr.  Timmis  has  shown 
ns  here,  and  with  what  we  have  heard,  if  I  were  again  to  go  on 
a  railway,  I  certainly  would  try  to  apply  electricity  to  pulUng 
down  fflgnals  where  mechanical  power  cannot  be  usefully  op 
economically  applied.  And  here  is  a  point  to  which  I  would 
like  to  call  the  attention  of  railwaj  engineers.  Tbere  Tie'jet  \ia& 
been  an  inventioo  that  hoB  led  so  eoorniously  t>o  t,ke  aa.\iug  Qi 
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life  and  to  the  Becurity  of  traffic  as  the  introduction  of  the 
block-system  on  railways.  In  days  when  trafiBc  was  leas  we 
thought  it  quite  sufficient  to  protect  a  section  of  about  five  miles 
in  length  by  means  of  electric  signals.  As  the  traffic  increased, 
it  became  necessary  to  diminish  the  distimce  of  these  sections, 
and  in  many  instances  we  had  to  insert  signal-boxes  between 
the  two  block-sections,  in  order  to  reduce  the  length  of  the 
sections,  and  so  enable  n  greater  number  of  trains  to  pass  through 
a  given  line.  Well,  this  has  been  carried  out  to  a  great  extent, 
und  now  I  think  I  am  right  in  saying  that  the  average  length 
of  a  section  on  a  well-protected  line  is  something  like  a  mile. 
But  with  the  increase  of  traffic  there  has  arisen  a  necessity  to 
diminifb  the  length  of  these  sections,  and  it  is  here  where  I 
see  an  application  of  this  principle  of  Mr.  Timmis;  for  you  can, 
with  power  that  lie  has  shown  us  can  be  erected  at  a  distance, 
succeed  in  placing  signals  intermediate  between  the  aignal-boses, 
automatically  worked  by  electricity  without  the  necessity  for 
signalmen,  for  the  esj-ense  in  carrying  out  the  block-system  is 
not  the  es)>euse  of  aiJ^Hiratus,  is  not  the  exjiense  of  sjgnaln,  it  is 
the  expense  of  the  men.  It  requires  three  men  to  be  perma- 
nently employed  to  work  a  block-station,  and  if  you  can  by  any 
means  disiiense  with  the  services  of  these  three  men  you  reduce 
the  expenditure,  and  certainly  put  in  the  hands  of  railway 
companies  a  means  of  extending  the  block-system  at  a  reduced 
expenditure.  And  it  is  here  where  I  think  that  Mr.  Timmis 
should  devote  hia  attention,  instead  of  trying  to  do  close  at 
home  what  you  certainly  can  do  very  much  better  by  means  of 
mechanical  a]ipliances,  either  by  the  direct  pull  of  a  wire,  or,  as 
has  been  suggested  by  Mr.  Adams,  by  hydraulic  jKiwer,  or,  as  I 
saw  in  America,  aiJjjlied  on  a  very  large  scale  indeed,  pneumatic 
power.     At  Pittsburg,  one  of  the  busiest  stations  in  the  whole  of 

the  United  States  railway  system,— a  very  large  station  indeed, 

the  innumerable  points  and  railway  signals  are  worked  on  the 
locking  and  interlocking  system  entirely  by  pneumatic  pressure; 
and  where  pneumatic  pressure  can  be  used  it  certainly  is  more 
economical  than  power  which  requires  the  employment  of  a  horse- 
powerand  a  (/uarfcr  to  obtain,  at  a  com [wiratively  short  distance 
away,  the  pall  of  a  mere  child. 
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I'rofeBsor  AlHTOX :  Is  not  this   very  large  amount  of  power 
required  to  carry  out  Mr.  Timmis's  excellent  idea  of  working 
nil  way   signals    electrically,    simply    because    Mr.    Tim  mis    is 
endeavouring  to  do  by  means  of  a  long-pull  magnet  what  experi- 
ence   hoB  shown  cannot    be    economically  done    in    that  way  ? 
Professor  Hughes  has  pointed  out  to  us  that  in  the  early  days, 
whea   people   wanted   to   perform    any   operation   by  means   of 
electricity,  they  thought  the  only  way  to  do  it  was  to  imitate  the 
ordinary  haud-saw,    and   so  get.  a  long  forwards  and  backwards 
motion  from  a.  long-pull  magnet.     But  we  know  now  that  the 
proper  way  to  perform  any  operation  electrically  is  to  have  a 
email  motor  running  at  a  considerable  speed,  and  so  performing 
the   operation  by  means  of  a  small  current  and   with  a  small 
expenditure  of  power.     Formerly  the  main  idea  was  to  get  from 
a  long-pull  magnet  something  like  the  motion  of  a  long  piston  on 
a  steam-engine.     Now  we  do  not  in  the  least  imitate  an  ordinary 
steam-engine  in  an  electro-motor — we  imitate,  perhaps,  a  rotary 
high-speed  engine,  but  not  an   engine  with  a  long  piston — so 
ibal  it  appears  to  me  tliat  tlie  plan  to  adopt  with  railway  signalii 
U  to  use  little  motors  and  not  long-pull  magnets ;  and  if  you  put 
a  Utile  motor  attached  to  the  signal-post,  and  make  it  by  it« 
mpid  rotation  grarlually  raise  the  arm,  then,  instead  of  using  a 
liorse-power,  you  fulfil  your  object  by  using  only  an  excessively 
small  fraction  of  a  horse-power,  exerted  it  may  be  for  a  quarter 
of  B  minute,  In  fact,  an  electro-motor  is  the  best  long-pull  magnet 
known,  seeing  that  the  same    force  is,   for  the  same   current, 
always  exerted  by  the  fixed  electro-magnet  on  the  rotating  one, 
wiiatever  be  the  position  of  the  latter. 

The  President  called  upon  the  Secretary  to  read  the  following 
letter  on  the  subject  from  Mr.  Sydney  Walker,  who  waa  unable 
to  be  present  at  the  meeting  ; — 

ICaiuirtt  oji."  lite  Worlring  of  Raihvaij  Siifnalt  and  Point*  hij  Jileetro- 
ilai/iieU,  and  eontrullini)  ihem,  irnlh  eampUte  Block  Sifttem,  efficientU) 
and  eeanomicaUif  hij  a  C'ui^reiit  from  a  I'rimani  or  Seeandari/ 
Batttry"  hy  Illiiu  A.  Tiiumin.     Bif  f^riiXEY  T.  Walkbr,  M.I.M.E. 

As  the  author  of  this  paper  appeared  to  consider  some  remarks 
tliat  I  made  apon  bis  paper  on  the   same  subject,  wbvdx  ^aa 
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read  before  the  Inetitute  of  Mechanical  Engineers  in  October 
l&Bt,  &B  unduly  severe,  and  iis  he  further  maintained  that  in 
many  points  1  was  in  error,  I  challenged  him  to  bring  the  subject 
before  this  Society. 

I  am  not  aware  if  I  can  claim  the  honour  of  being  the  means 
thereby  of  bringing  the  subject  under  the  notice  of  the  memberB; 
but  having  acted  in  tliis  way,  I  am  naturally  anxious  to  be  able 
to  state  my  case. 

1  think  that  we  must  all  admire  the  careful  and  complete 
manner  in  which  the  whole  of  the  arrangements  have  been 
worked  out ;  and  we  must  all  feel  grateful  to  the  author  of  the 
paper  for  having,  at  considerable  trouble  and  expense,  introduced 
a  new,  and  we  may  hope  a  wide  field  for  our  labours. 

At  the  same  time,  I  presume  we  may,  without  detracting 
from  the  merit  of  the  invention  as  a  whole,  be  allowed  to  suggest 
improvements  in  those  parts  which  form  our  special  study. 

It  certainly  appears  to  me  that  Mr.  Timmis  has  not  in  his 
paper  given  sutRciently  good  reasons  for  the  inventiou  of  an 
entirely  new  form  of  electro- magnet. 

In  my  opinion,  for  anything  that  is  stated  in  the  paper  to  the 
contrary,  either  of  the  eiisting  forms  of  electro-magnet  would 
have  answered  the  purpose  equally  as  well,  and  at  a  much  smaller 
cost  both  for  installation  and  maintenance, 

Mr.  Timmis  commences  by  saying  that  the  old  horse-shoe 
or  three-piece  magnet  will  not  do,  because  with  it  you  cannot 
obtain  attraction  of  an  armature  at  more  than  J"  from  the  poles, 
whereas  he  requires  a  pull  of  SJ",  and  thai  though  you  may  get 
your  requisite  pull  of  SJ"  by  means  of  some  form  of  multiplying 
gear,  the  cost  of  the  current  you  would  be  obliged  to  use  would 
be  prohibitive,  and  in  addition  the  impact  of  the  keeper  would 
be  too  great  for  practical  work. 

In  reply  to  this,  I  maintain  that  Mi'.  Timmis  is  mistaken  in 
supposing  that  he  could  not  get  more  than  j"  pnil  with  the 
ordinary  form  of  magnet,  and  that  he  can  get  as  long  a  pnli  as  he 
requires,  provided  his  magnet  is  large  enough,  and  the  poles  and 
armature  be  so  arranged  relatively  to  each  other  that  the  lines  of 
Aave  emanating  from  the  poles  pass  through   the  armature  at 
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the  required  diEtance ;  and  I  think  he  has  been  led  to  the 
BUppoaitioB  from  the  fact  thai,  by  the  law  of  the  sqaares,  the 
advantage  of  having  the  keeper  as  near  as  possible  to  the  polea  is 
so  great  that  no  one  would  construct  an  apparatus,  involving  an 
electro-magnet  and  its  keeper,  otherwise,  except  for  a  special 
purpose. 

With  regard  to  the  question  of  multiplying  gear,  I  would  point 
out  that,  by  the  law  of  the  squares,  the  same  electro-magnet 
which  gives  him  a  pull  of  8  lbs.  at  3|"  should  give  him  392  lbs. 
at  4";  ^Bil  tJiiit  a  poll  of  56  lbs.,  acting  through  ^"  on  the 
short  end  of  a  lever  geared  7  to  I,  would  give  him  the  re- 
quired pull  of  8  Iba.  at  3^";  so  that,  other  things  being  equal, 
an  electro-magnetic  arrangement  of  one-eighth  the  power,  if 
arranged  in  the  way  I  have  suggested,  should  do  the  work. 

Then  as  to  the  impact.     It  doea  not  appear  to  me  that  the 
impact  with  the  multiplying  gear  should  be  much  greater  than  ■ 
that  which  Mr.  Timmia  has  with  the  magnet  he  uses,  though  of 
coone  it  may  act  more  gradually. 

At  the  same  time,  I  should  say  that  there  ought  to  he  no 
difficulty  in  making  the  apparatus  strong  enough  to  withstand 
the  blow. 

It  appears  to  me  to  be  an  odd  thing  for  a  skilled  mechanical 
engineer  to  say  he  is  unable  to  provide  for  the  comparatively 
imall  impacts  that  he  has  to  deal  with  in  this  case.  Has  he  not 
far  heavier  to  deal  with  every  day  in  other  forms  of  apparatus  ? 

Next  the  author  condemns  the  solenoid  magnet,  because, 
though  it  will  give  a  long  stroke,  all  its  attractions  are  neutralised 
when  in  the  central  position, 

I  take  this  to  mean  that  the  core  would  be  allowed  to  recede 
from  the  eoil  when  it  attained  a  central  position. 

This  also  appears  to  me  not  to  be  correct.  I  can  hardly,  in 
fact,  understand  the  reasoning  which  has  led  up  to  it.  The 
position  taken  up  by  the  core  will  be  in  obedience  to  the  resultant 
of  the  forces  acting  on  it:  on  one  side  the  pulling  effect  of  the 
corrent  circulating  in  the  coils  of  wire,  and  on  the  other  its  own 
weight  and  the  forces  acting  with  it,  supposing  that  the  weight 
acts  against  the  puiJ  of  the  coOs;  and,  whatever  position  it  Ve&ea 
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up  in  obedience  to  the  resaltant  force,  it  appears  to  me  it  must 
retain  until  one  or  the  other  of  the  conditions  undergoes  some 
ohatige. 

Solenoid  magnets  are  used  in  several  forms  of  arc  lamp,  notably 
the  "  Brush,"  but  I  certainly  have  never  met  with  the  aclion 
Mr.  Timniis  mentions,  and  it  appears  to  me  that  such  action 
would  complicate  matters  very  seriously. 

The  solenoid  form  would  not,  undoubtedly,  be  so  economical 
as  the  ordiuary,  but  it  would  be  a  question  whether  the  con- 
venience of  the  long  stroke  would  pay  for  the  wasted  power. 

The  actual  form  of  the  magnet  described,  which  it  is  claimed 
will  do  what  no  other  magnet  will  do,  appears  to  me  to  be  a 
combination  of  the  Altandie  magnet- — whose  properties  were 
investigated  by  our  late  Past-President,  Mr,  C.  V.  Walker — and 
the  Bolenoid,  with  the  addition  of  an  iron  tube,  stationary,  forming 
part  of  the  core. 

Now  the  one  point  that  was  established  in  relation  to  the 
Altandffi  magnet  was,  that  it  was  emphatically  a  very  short-pull 
magnet,  though  it  held  on  tight  enough  when  it  did  get  hold  of 
the  armature ;  inconveniently  so,  I  found  in  some  experiments  I 
made  with  it  later  on. 

Therefore  I  presume  that  the  holding  down  with  a  weak 
current  would  be  the  reason  for  its  adoption  here ;  but  in  taking 
advantage  of  that  arrangement,  and  thereby  concentrating  the 
lines  of  force,  as  that  arrangement  does,  immediately  in  the 
neighbourhood  of  the  poles,  it  appears  to  me  that  the  pull  at  a 
distance — the  great  feature,  it  is  stated,  of  the  magnet — the  great 
object  to  be  attained  to  work  the  signal — is  sacrificed,  since  the 
lines  of  force  cannot  be  concentrated  near  the  poles  and  act  at  a 
distance  as  well.  And  this  seems  to  be  proved  by  the  fact  that, 
taking  the  author's  own  figures,  he  receives  a  return  of  8  lbs.  pull 
at  the  3i"  for  an  espenditure  of  91  foot-lbs.  per  second. 
■W  =  C'K  =  5'x5=  125  watts  =  about  91  foot-lbs.  per  sec. 

On  the  other  hand,  the  effective  pull  of  the  solenoid  portion 
MquK"^  by  the  strong  attraction  between  it  and  the  iron  tube 
armatu^i  the  iron  stalk  of  the  armature  enters. 
Axrve  eniaii'""^'  ^^°^   ^^'*"  Timmia's   reply  to  my  remarks  at 
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ittingbom,  that  he  claims  this  a-s  an  importanb  feature  in  the 
arrangement. 

If  by  this  is  meant  that  the  pull  ia  graduated  by  the  brake 
Action  of  the  two  cores,  and  that  it  is  convenient  to  have  the  pull 
giaduuted  in  that  way,  and  that  the  convenience  pays  for  the 
sacrifice,  then  the  arrangement  ia  intelligible,—"  the  proof  of 
the  pudding  ia  in  the  eating," — but  it  should  hardly  be  labelled 
economy. 

I  would  point  out  that  the  power  provided  for  polling  over  a 
point  equals  1^  horse- power  electrical,  which  ia  certainly  excessive. 
Another  point  on  which  I  differ  from  the  author  of  the  paper  ia 
in  the  strength  of  the  currents  used.  In  my  opinion  they  are 
too  powerful ;  for  the  double  reason  that  they  are  sure  to  give 
trouble  at  the  contacts,  and  tliat  the  batteries  required  to  fumiah 
them,  if  primary,  would  have  to  be  either  eicessively  large,  or 
require  very  frequent  attention.  Large  currents,  as  every  tele- 
graph-engineer knows,  are  always  troublesome  in  a  battery. 

With  secondary  batteries,  of  course,  the  evil  would  not  be  so 
great ;  but  it  must  be  remembered  that  even  they  would  reqiiire 
charging  less  frequently  if  small  currents  were  used,  provided  of 
CODTse  they  be  sufBciently  perfect  to  retain  their  charge. 

I  note  in  a  recent  communication  to  the  English  Mechanic, 
by  a  gentleman  who  states  that  ho  worked  up  the  Ijilande- 
Cbaperon  battery,  that  forty  square  inches  surface  are  required 
for  each  ampere. 

I  understood  Mr.  Timmis  to  say  at  Nottingham,  that  you  could 
not  do  the  work  with  smaller  currents  ;  but  I  think  he  can  hardly 
be  serious  in  this,  and  I  would  point  to  the  series  and  shunt- 
Vonnd  dynamos  where  exactly  the  same  magnetic  effect  is  produced 
by  currents  varying  very  considerably  in  strength. 

Further,  I  would  point  to  the  fact,  that  for  economical  trans- 
mission  of  power  by  means  of  electric  currents,  the  latter  must  be 
made  as  small  as  possible,  The  effect  produced  on  the  efficiency  of  a 
■yetem  of  transmission  by  rewinding  I  he  machines  with  finer  wire 
is  very  striking,  as  probably  many  members  present  will  bear 
witness. 

In  a  ODDversation  that  I  had  the  pleasure  of  holding  wii\i  M.t  . 
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Btanley  Currie,  the  inventor  of  the  magnet,  after  the  NottiDghaii^l 
meeting,  I  understood  that  gentleman  to  say  that  he  was  obliged 
to  use  large  currents  in  order  to  have  a  reserve,  and  I  believe 
I  understood  him  (I  trust  I  am  Eot  misrepreaeiiting  liim^  that 
he  wished  to  use  even  larger  currents,  because  the  effect  rose 
with  the  square  of  the  current.  If  I  am  correct  in  my  supposi- 
tion aa  to  Mr.  Cmrie's  views,  he  has  evidently  mistaken  the 
heat  generated,  or  the  total  work  done,  for  the  magnetic 
effect.  Evidently  the  latter  depends  simply  on  the  number  of 
tarns  X  by  the  cuiTent  strength,  while  the  former  depends  on 
the  square  of  the  current  x  by  resistance  of  the  wire,  so  that 
with  a  given  resistance,  or  what  amounts  to  the  same  thing,  a 
given  number  of  tuma,  the  waste  would  be  simply  proportional 
to  the  current  strength,  or  the  stronger  the  current  the  greater 
the  loss, 

I  also  understood  Sir,  Currie  to  say  that  he  objected  to  increase 
the  reaiatance  of  the  wire  on  the  electro-magnet,  because  he  onght 
to   have   it   equal   to  the   internal   resistance    of   the    batterj'. 
Evidently  he  was  here  mistaking  the  law  of  maximum  eff'ect  fo^_ 
the  law  of  maximum  effidenci/.  ^| 

To  secure  efficiency,  it  ia  clear  that  the  resistance  of  the 
generator,  of  whatever  form  it  may  be,  and  the  current  jiassing 
through  it,  should  be  as  small  as  possible,  since  the  work  done  in 
the  generator  is  not  nsefiU  work.  I  think  there  cannot  be  &nj 
doubt  that  the  work  of  pulling  over  signals  and  points  by  means 
of  electro-magnet-s  may  be  done  at  a  ver_v  small  coat ;  and,  as  Mr. 
Tiramis  has  rightly  pointed  out,  secondary  batteries  could  easily 
be  charged  at  all  the  large  stations  where  engine-power  is 
available. 

I  think,  however,  that  although  the  cost  of  battery  materials 
used  might  be  greater,  he  would  gain  in  simplicity  and  in  the 
cost  of  attendance  by  using  smaller  currents  to  pull  his  signals 
and  points  over,  as  well  as  to  hold  them  over,  and  not  to  attempt 
any  switching,  whether  automatic  or  otherwise.  Every  switch, 
especially  every  automatic  switch,  must  be  a  possible  source  of 
failure,  and  the  number,  therefore,  sliould  be  as  small  as  possible 
consistent  with  the  actual  requirements  of  working. 
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In  conclusion,  1  ehoulii  like  to  call  attention  to  one  point  in 
ection  with  the  switching  from  large  to  stna.11  currentB.  Mr. 
Timmis  states  that  an  incandescent  lamji  may  be  used  as  the 
resistance  which  is  thrown  in  to  reduce  the  current  strength,  and 
that  the  lamp  will  glow,  thereby  serving  as  an  indicator  that  the 
current  is  passing. 

In  the  apparatus  he  showed  at  Nottingham  the  lamp  did  glow. 

ow,  as  the  holding-down  current  ia  stated  to  be  one-tenth  amji^re, 

think  there  must  be  some  mietake. 

If  Mr.  Timmis  can  show  us  an   incaudeaoent  lamp  which  will 

glow  so  aa  to  give  out  an  appreciable  amount  of  light  with  a 

eorrent  of  one-tenth  ampere,  I  am  sure  we  shall  all  be  glad  to 

^hear  of  it. 

^H     1  trust  that  my  remarks  will  not  be  taken  by  Mr.  Timmis  as 
^Hn  any  way  wanting  in  courtesy  or  consideration  for  him,  or  as 
^^Ihrowing  cold  water  on  the  introduction  of  his  apparatus.     lam 
deeply  sensible  of  the  advantages  to  be  derived  from  its  use;  and  in 
the  remarks  which  I  considered  it  my  duty  to  make  at  Nottingham, 
and  that  I  have  repeated  in  substance  here,   I  have  merely  en- 
deavoured to  clear  away  what  appeared  to  me  to  be  some  erroneous 
impressions  on  the  author's  part,  and  posiiibly  to  assist  him  in  the 
direction  of  simplifying  his  apparatus, 
^K      Mr.  A.  Trotter  :  A  question  has  been  raised  as  to  the  amount 
^B^  energy  expended.     I  note  that  on  one  occasion  that  IJ  horse- 
^^pMMr  was  mentioned,  on  another  occasion  91  foot-pounds.     I 
presume  the  whole  action  of  putting  a  switch  over  is  accomplished 
in  about,  a  second,  and  that  not  nnany  foot-pounds  are  expended 
^^D  a  second ;  and  surely  when  a  switch  has  to  be  pulled  over, 
^Hr  n  eemaphore  has  to  be  pulled  down, — whether  by  a  magnet  or 
spinning  motor, — the    same   amount  of  energy   in  foot-pounds 
^Mrould  be  expended  in  both  cases. 

^B  Professor  Ayrton  :  In  order  to  produce  a  horse-power  for 
a  very  short  time,  you  must  have  a  very  large  battery  indeed, 
e*en  if  you  want  to  produce  the  power  for  only  a  tenth  of  a 
second.  To  pull  up  the  signal-arm  by  one  pull,  from  even  Mr. 
Timmis's  long-range  magnet,  requires  the  exercise  of  a  large 
horeft-power — it  ia  true,  for  a  very  short  time,  but  you  must  have 
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a  large  number  of  cells  to  produce  this  large  power  at  all.  It  is 
true  tijat  the  battery  would  be  quite  idle  for  the  rest  of  the  time, 
but  I  do  not  know  that  that  would  be  a  Bpecial  recommendation 
to  the  system. 

The  other  question  is.  Would  a  motor  require  aa  much  power  ? 
No ;  because  the  motor  takes  a  much  longer  time  to  perform  the 
operation:  it  may  take  several  seconds,  or  even  half  a  minute. j 
To  raise  the  semaphore  requires  a  definite  amount  of  work, — ai 
expenditure  of  a  definite  number  of  foot-pounds, — but  the  power 
necessary  to  he  exerted  to  da  this  work  depends  on  the  time  in 
which  this  work  is  completed  ;  therefore  if  we  use  a  motor,  that 
is,  a  long-pull  magnet,  that  can  produce  a  perfectly  uniform  pull 
through  a  dislance,  go  to  say,  of  yards  instead  of  merely  inchea^^| 
and  if  the  exercise  of  this  power  is  spread  orer  many  seconds, 
and  not  merely  esercised  for  only  one  or  two,  then  the  power  ^ 
exerted  may  be  comparatively  small,  and  producible  therefore  bj 
a  small  battery, 

Mr.  Beemax:  Would  the   author  kindly  tell  us  what  is  the^ 
cost  of  applying  the  system  to  such  a  junction  as  that  shown  by 
the  diagram  ?     Also  the  cost  of  maintenance  per  lever  per  day  oa| 
his  system  ?     I  think  these  twu  points  are  really  the  essence  of  the 
whole  affair. 

I  am  informed  by  railway  engineers  that  they  would  be  pre- 
pared to  pay  almost  any  amount  if  a  perfectly  safe  system  could 
be  got  for  working  points  at  least  three  hundred  yards  away 
from  the  signal -bos. 

Mr.  CcBRiE:  As  I  am  responsible  for  the  electrical  part  of  this 
system,  including  the  invention  of  the  magnet,  I  think  a  fei 
remarks  from  me,  in  answer  to  the  various  questions  which  have' 
been  brought  up  on  electrical  points,  may  be  acceptable.     I  will 
begin  with  the  statement  of  Mr,  Sydney  Walker,  in  which  he  saya^f 
that  magnets  can  be  made  of  the  ordinary  type  to  give  a  longer 
pull  than  half  an  inch.     Well,  I  presume  we  are  all  perfectly  well 
aware  of  this  fact,  provided  they  are  made  large  enough.     But 
what  I  contend  is,  that  since  the  pull  of  an  ordinary  magnet 
its  armature  varies  inversely  as  the  square  of  the  distance  of  the 
one  front  the  other,  it  thereby  eserts  a  force  whicli  is  very  diBicult 
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(I  may  say  almost  impossible)  to  take  full  advantage  of.  If  the 
increasing  toad  on  the  armature  was  such  that  yon  could  make 
that  load  vary  tlirougliout  the  stroke  directly  as  the  pull  of  the 
magnet,  you  could  then  make  full  use  of  all  the  forces  exerted 
throughout  the  whole  stroke.  The  fact,  however,  of  this  being 
impossible,  without  very  complicated  mechanical  manipulating 
gear,  makes  the  pull  of  an  ordinary  magnet  exceedingly  wasteful. 
Even  a  load  increasing  as  the  cosine  of  angle  of  inclination  of  a 
weighted  lever,  as  shown  in  drawing,  when  worked  with  an  ordinary 
mi^net,  leaves  a  large  amount  of  waste  jiower.  If,  however,  the 
\-ariation  of  the  pull  of  a  magnet  can  be  niade  to  correspond  with 
that  of  the  load  on  the  armature,  then  not  only  is  the  movement 
even  and  uniform,  but  the  full  power  of  the  magnet  is  made  use 
of.  It  is  very  easy  to  calculate  from  the  diagrams  the  total 
Dumber  of  foot-pound  a  per  second  any  given  magnet  is 
capable  of  eserting.  I  have  found  one  interesting  fact  in  con- 
nection with  these  diagrams,  namely,  that  with  a  given  bobbin  and 
given  current,  but  with  a  variety  in  the  shapes  of  the  outer  rim 
and  centre  rod  of  the  annatm-e  (the  weight  being  a  constant), 
the  area  enclosed  between  the  curve  of  the  pull  and  the  vertical 
Bod  horizontal  axes  ja  a  conBtant,  or,  in  other  words,  the  work 
which  the  magriet  could  do  is  in  all  cases  the  same.  Now,  by 
uuiTiipulatiou  of  the  form  of  the  armature,  I  can  produce  almost 
any  required  diagram,  the  forces  which  are  taken  off  from  one 
Ijart  of  the  stroke  being  put  on,  as  it  were,  at  another  imrt,  thus 
equalising  and  economising  the  work.  In  the  particular  case 
before  you,  a  fair  amount  of  force  is  left  in  the  last  i"  of  the  stroke, 
in  order  to  allow  for  a  small  holding  or  retaining  current,  which  is 
one  of  the  moat  iniportant  and  essential  features  of  the  system. 
Now  I  have  can-ied  out  a  great  number  of  esperiments  in  order  to 
ascertain  the  smallest  current  which  is  necessary  to  hold  a  signal 
down  imder  any  circumstances.  I  have  made  these  teetB  during 
severe  gales  of  wind,  and  one  jtartic  ularly  in  the  early  part  of  laut 
year,  and  I  have  found  "07  ampc^re  with  the  magnets  we  use  for 
full-tiized  signals  sufficient,  I  am  thus  amply  justified  in  saying 
of  an  ampere  is  sufficient,  but  we  allow  for  I,  thus  giving  a 
'good  factor  of  safety.    Mr.  WalJter  asks  me  how  a  \amp  c»ai  ^o^ 
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with  I'd  amp^e.  By  reference  to  the  paper  he  refers  to  he 
find  it  is  }  of  an  ampere,  although,  as  I  say,  -^  is  sufficient.  The 
lamps  we  use  at  Gloucester  are  about  180  to  200  ohms  resistance. 
The  electro-motive  force  of  the  battery  is  40  volts ;  the  resistance 
of  remainder  of  circuit  10  ohrna,  including  a  variable  resistance,  thus 
giving  2 105  ampere  as  the  masimum  we  could  have  in  ordinary  use. 
The  tamjiii  do  glow,  but.  uot  such  as  are  used  for  lighting  purposes^— 
They  are  placed  in  small  boxes  with  black  bai^kgrouud  :  the  filaJH 
ment  being  just  incandescent  gives  a  most  perfect  indication  of 
the  signals  to  which  the  current  is  running.  I  hope  no  one  here 
will  make  the  tni?lake  Mr.  Walker  apparently  does,  and  try  to 
compare  electric  signaling  on  railways  by  this  system  (more 
especially  as  regards  cost)  with  that  of  electric  lighting.  Where 
the  former  is  in  decimals,  the  latter  is  in  tens.  Ulr.  Walker  and 
others  make  a  great  de^il  of  the  fact  that  n  point  magnet  takes  I J 
horse-power.  TJieoreticolly  it  does,  certainly,  but  in  this  case 
the  magnet  is  purposely  run  to  a  high  state  of  saturation  and  a 
consequently  lower  comparative  efficiency ;  for  we  find  from  actual 
practice  that,  for  the  sake  of  space,  weight,  cost,  and  the  very 
short  time  the  current  is  required  to  run,  it  is  much  more 
economical  to  do  so. 

Mr.  Walker  suggests  trouble  at  the  contacts,  from  the  breaking 
of  so  large  currents.  In  the  most  extreme  cases  we  cannot  have 
more  than  100  breakings  of  currents  per  diem,  or  36,500  in  the 
year.  Those  gentlemen  who  use  dynamos,  running  at  even  so 
low  a  speed  as  500  revolutions  per  minute,  kindly  consider  the 
number  of  breaks  in  the  hour.  In  fifteen  minutes  there  are  more 
breaks  than  one  of  our  switches  has  in  a  whole  year.  As  a 
matter  of  fact,  we  lind  no  trouble  whatever  vrith  the  contacts. 
It  is  also  suggested  by  Mr.  Walker  that  our  batteries  must  be  very 
large.  Now  it  ia  for  the  special  reason  of  reducing  the  size  of 
the  batteries  that  I  use  what  he  chooses  to  term  large  currents. 
Theoretically  and  practically,  there  is  a  great  sa\'ing  in  space  and 
cost,  by  this  means.  Had  we  to  transmit  great  power  to  con- 
siderable distances  (say,  ten  miles),  the  cost  of  low-reaistance  leads 
would  of  course  be  prohibitory ;  but  where  the  average  distance 
13  600  yards  the  economy  in  law  resistances  is  very  great.     I  have 
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been  greatlj  amused  at  the  terror  of  those  who  have  been 
accustomed  to  use  small  currents  of  1^5  to  bV  ampere,  at  the  idea 
of  six  amperes.  These,  like  the  remainder  of  Mr.  Walker's 
suggestions,  for  which  lam  greatly  obliged,  are,  however,  very  far 
from  originah  I  will  briefly  summarise  thera,  therefore,  by 
observing  that  they  one  and  all  come  within  the  category  of  our 
earlier  eiperiments,  which  were  abandoned  more  than  two  years 
ago.  Now,  as  regards  Mr.  Walker's  elaborate  calculations  of  the 
liee  of  a  Lalande  battery,  upon  data  obtained  from  some  news- 
paper cuttings,  viz.,  one  ampere  requires  forty  square  inches  of 
line,  I  happen  to  have  myself  been  specially  engaged  in  experi- 
menting upon  this  very  battery,  and  have  much  pleasure  in 
relieving  >lr  Walker  of  apparently  very  erroneous  ideas  as  regards 
this  and  any  other  primary  battery,  by  stating  that  the  resources 
of  a  battery  for  intermittent  work  Eire  very  dififerent  to  those  for 
continuous  work,  such  aa  electric  lighting,  to  which  the  paragraph 
he  refers  to  applies.  I  can  show  Mr.  Walker  a  battery  of  this 
type,  giving  rme  ampire  per  four  gquare  inckea  of  zinc  swrface. 
Also  one  for  continuous  work,  at  one  ampere  per  twenty  square 
inches.  I  should  advise  Mr.  Walker  obtaining  his  data  from 
more  authenticated  sources.  Professor  Ayrton  suggests  that  a 
motor  could  do  the  same  work  as  a  magnet,  with  a  comparatively 
small  current  and  small  power.  This  no  doubt  is  the  case,  as  I 
have  myself  tried  one  for  this  purpose ;  but  the  great  objectiou  I 
have  to  this  method  is,  the  small  power  of  the  motor  having  to  be 
transferred  by  multiplying  gear  to  a  larger  power,  that  where  a 
^mall  power  is  required  to  work  the  signal  an  equally  small 
[ir:',uir  could  stop  it.  Thus  a  piece  of  dust  or  grit  getting  into 
tlie  motor  might  hold  a  signal  in  position  of  "free."  It  is 
essential  that  there  should  be  a  clear  force  of  40  lbs.  tending  to 
the  signal  from  its  "  free  "  position.  This  cannot  be  done 
economically  and  safely  with  a  motor, 

Mr.  Preeee  says  the  pull  of  a  point  switch  is  no  more  than  a 
d  can  do.  Now  the  least  pull  engineers  will  allow  in  a  switch 
is  one  giving  a  total  of  60  pounds  through  4  inches,  either  direct 
or  nmnipnlated.  I  do  not  know  whether  Mr.  Preeco  has  polled 
er  signal  points  himself.     I  presume  he  has.     I  mjaeU  Wse 
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been  in  a  signal-box  for  manj  hours  in  a  day,  during  n  period  of 
four  months,  in  order  to  become  thoroughly  ac(]uainted  with  all 
the  necessary  requirements.  I  know  thai  in  many  cases  both 
point  and  signal  levers  require  two  men  to  pull  them  over. 
Even  then  it  requires  a  jiarticuiar  knack,  and  I  defy  any  child  of 
Mr.  Preece's  or  any  one  else  to  do  it. 

Mr.  TiMMiS :  I  will  be  very  brief  in  my  remarks.  I  would  like 
to  preface  them  with  just  one  observation,  and  that  is  that  I 
have  been  engaged  in  the  railway  world  now  for  a  number  of 
years,  and  it  has  been  my  fortune  or  misfortune  to  be  pretty 
constantly  tugging  ahead  at  some  new  invention  or  another,  ajid 
it  is  encouraging  that  I  get  such  a  very  cordial  and,  I  may  say, 
-warm  reception  as  I  think  I  have  done  this  e\'ening.  The 
remarks  that  have  fallen  from  two  or  three  eminent  members  of 
this  Society  have  been  to  me  exceedingly  pleasing. 

M'ell,  now.  Sir,  just  to  take  very  briefly  the  different  remarks 
that  have  fallen,  I  think  that  I  may  first  of  all  notice  the 
remark  that  fell  from  Mr.  Lancaster  Owen,  that  it  is  necessary 
that  distant  signals  should  be  actuated  by  a  more  perfect  means 
than  they  are  at  present ;  and  I  think  I  am  quoting  correctly 
the  remarks  of  two  or  three  of  the  principal  scientific  members 
of  the  Board  of  Trade  when  1  say  that  it  will  become  necessary 
by-and-by, — in  fact  it  is  necessary  now, — if  it  can  be  done,  that 
distant  signals  should  be  put  at  a  greater  distance  than  they  are 
at  present.  And  it  may  be — this  is,  of  tourse,  open  to  exception 
— that  it  would  be  advisable  that  distant  signals  should  not  only 
be  placed  at  a  greater  distance  than  at  present,  but  that  they 
should  be  worked  in  three  positions,  as  is  shown  in  Kig.  3,  where 
the  double  magnet  pnlls  them  down  either  to  the  angle  of  45° 
("caution'")  or  vertically  ("go  ahead").  We  know  perfectly 
well  that  it  is  im^iossible,  with  mechanical  appliances,  to  pull  a 
distant  signal  down  to  three  positions.  It  is  as  much  as  we  can 
do  to  pull  it  down  to  two.  Mr.  Langdon  alluded  to  the  question 
of  working  points  with  magnets,  and  he  asked  for  some  explana- 
tion with  regard  to  the  position  in  which  those  magnets  should 
be  placed.  The  two  magnets  are  placed  exactly  between  the 
points  that  have  to  be  moved,  and  being  pkiccd  on  the  sleepers. 
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v&u,  as  a  matter  of  course,  be  plnced  at  any  height  that  you 
choose — that  is  to  say,  the  top  of  the  magnet,  o>'er  all,  can  be 
considerably  below,  or  level  with  the  top  of  the  sleeper.  Further, 
a  magnet  ia  placed  on  a  bed  which  is  secured  to  two  sleepers : 
of  course  that  bed  can  be  tui  arninged  that  the  points  can  be 
sunk  below  the  sleepers  themselves. 

Mr.  Lang  DON :  My  object  in  asking  the  tjueation  was  willi 
reference  to  wet. 

Mr.  TiMMis:  I  come  to  that  now.  Well,  then,  whatever  the 
height,  you  can  put  a  wrought-iron  plate  over  the  top  of  the  two 
magnets.  There  ia  no  difficulty  in  keeping  snow  from  them,  and 
no  difficulty  at  all  about  the  (juestion  of  wet,  because,  as  a  matter 
of  fact,  there  is  no  reason  why  the  bottom  should  ever  get  into  a 
wet  part,  as  the  magnets  can  be  put  outside  the  rails,  and  in  a 
vertical  position  at  any  height. 

I  will  now  take  the  question  of  economy  of  working  the 
magnet.  This  has  been  alluded  to  by  several  members.  It  icitl 
economise  time.  When  the  magnet  has  pulled  over  the  points, 
a  locking-bar  is  moved,  and  that  is  the  end  of  its  work.  I  do  not 
myself,  nor  does  any  one,  know  what  an  electrical  horse-power  is ; 
but  we  will  assume  1^  electrical  horse-power  is  required.  Well, 
if  it  ia  only  used  for  a  part  of  a  second,  or,  we  will  say,  the  whole 
of  a  second, — it  certainly  will  not  be  longer  than  that, — the 
economy  is  easily  demonstmted. 

I  must  regretfully  pass  by  the  very  interesting  remarks  of 
Professor  Hughes  and  Sir  Oiarles  Bright,  on  different  kinds  of 
electro-magnets  which  have  been  invented  before.  I  may  say 
that  there  are  few  long-pidl  magnets  that  have  been  invented 
that  I  have  not  gone  into  very  thoroughly  with  Mr.  Currie;  but, 
of  course,  they  say  every  woman  thinks  her  own  baby  the  best, 
and  I  am  inclined  to  think  that  our  long-pull  magnet  is  the  best. 

Mr.  Adams  asked  what  necessity  there  was  for  so  much  expense. 
I  would  very  briefly  answer  him  in  this  way.  In  the  first  place, 
with  regard  to  the  suggestion  he  made  to  use  hydraulic  power, 
hydraulic  power  has  been  used  over  and  over  again.  But,  unfortu- 
nately, the  water  freezes ;  and  to  prevent  its  freezing  by  the 
addition  of  alcohol  is  impracticable.     I  may  say,  iu  lu^'pVeTO.ftutvo^ 

POL.   XIV.  8 


i 


114  THE  WOKKING  OP  HAILWAY  SIGNALS,  Etc.       [Feb.  SGlh, 

that  obBervatioQ,  that  I  was  talking  inome  months  ago  with  a 
member  of  the  railway  world  in  America,  and  bis  report  to  me 
on  the  hydraulic  syatema  they  had  been  using  there  was  that 
they  were  "  an  utter  failure."  I  need  not  go  into  the  question  of 
the  reasons  why  Mr.  Cooke  made  a  remark  about  a  mechanical 
effect  and  a.  magnetic  one,  and  said  that  if  the  mechanical  effect 
were  introduced,  and  then  a  magnetic  effect  to  control  it,  that  it 
would  be  a  much  more  economical  system  than  this  system.  That 
has  been  worked  in  America  for  a  long  time, — I  may  say  for  a 
couple  of  years,  on  the  Central  Hudson, — but  the  intricacy  of  the 
system,  if  you  get  anything  like  the  perfection  we  want  and  must 
have  in  this  country,  is  fur  greater  than  this  system  of  ours,  and, 
in  addition,  it  is  far  more  liable  to  get  out  of  order  and  to  stick. 
Interlocking  per  se  is  a  thing  which  I  set  my  face  against  entirely. 
If  you  interlock,  and  your  signals  go  to  "  danger,"  they  must  be 
locked  to  "  danger ;"  but  the  question  is,  bow  are  you  going  to  get 
that  lock  out  before  the  signal  can  be  freed,  or  vice  veraaf  In  the 
system  Mr.  Currie  and  myself  have  worked  out,  we  make  a  very 
great  point  of  this :  that  the  long-pull  magnet,  in  the  first  instance, 
pulls  the  signal  down  with  a  maximum  current,  then  holds  the 
signal  down  with  a  minimum  current,  and  if  anything  goes  wrong 
— not  that  we  expect  that  anything  will  go  wrong — the  signal 
goes  to  "danger"  (that  ia  the  normal  position  of  all  signals),  and 
it  is  locked  there  without  any  catch. 

When  we  have  done  all  this  work,  comes  the  question  that  the 
last  speaker  asked,  What  is  going  to  be  the  cost  of  it  all  ?  "That 
is  the  essence,"  says  he,  and  very  properly  so.  I  have  worked 
out  the  whole  thing  with  Mr.  Currie  very  carefully.  At  Swansea 
the  system  has  been  working  now  for  seven  months,  with  150 
trains  imssing  the  signal  every  day,  and,  as  Mr.  Pearce  very  kindly 
and  generously  offered  the  remark  just  now,  the  superintendent  of 
the  Swansea  Dock  and  Harbour,  Mr.  Capper,  has  said  there  has 
never  been  a  single  failure  or  sensation  of  failure  during  the  whole 
of  that  time.  The  absolute  cost  per  signal  is  less  than  a  farthing 
during  the  twenty-four  hours ;  and  I  am  prepared  to  demonstrate  to 
any  member  of  this  Society  that  no  signal  worked  on  this  system 
woaid  cost  more  than  one  farthing  per  signal  per  day  electrically. 
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Well,  now,  if  I  mny  be  allowed  just  for  one  moment,  I  should 
like  (o  jjass  on  to  the  remarks  of  ilr.  Preece.  He  has  referred 
to  the  expenditure  of  hors&-power  in  working  our  point  system. 
Of  coarse,  54  pounds  at  3",  taking  1 J  horse-power,  is,  as  he  eays, 
rather  a  difficult  thing  to  swallow  ;  but  then,  as  1  have  already 
pointed  out,  it  is  for  such  a  very  short  time  that  it  does  not  do 
anybody  any  harm,  because  it  does  not  practically  cost  anything. 
Now,  the  block-system, — this  is  the  concluding  observation  I  have 
to  make, — Mr.  Preece  says,  has  done  more  to  save  life  than  any- 
thing which  has  been  introduced  into  the  railway  world,  "Well, 
now,  Sir,  anybody  who  can  do  anything  to  perfect  that  system,  to 
make  it  more  simple  and  rehable, — I  am  leaving  alone  now  the 
question  of  economy  as  regards  pounds,  shillings,  and  pence, — is 
doing  a  duty  which  it  is  necessary  for  everybody  that  can  to  help 
him.  There  is  no  question  about  it  that  the  great  bugbear  of  the 
Board  of  Trade  at  the  present  time  is,  and  has  been  for  a  long 
time,  the  fact  of  the  enormous  loss  of  hfe  amongst  the  railway 
serrantB.  The  number  of  men  who  are  killed  in  railway  work 
between  Christmas  and  Christmas  would  hardly  be  believed  if  I 
were  to  go  into  the  statistics  at  the  present  time ;  and  I  am  sure 
if  we  can  make  this  block-system  more  easily  worked,  and  more 
reliable,  we  shall  be  doing,  at  all  events,  what  is  worthy  of 
the  attention  of  the  railway  and  electrical  world.  If  you  are 
going  in  for  any  complete  system  jou  cannot  help  yourself;  you 
must  have  electricity,  and  you  will  have  to  have  a  system  of 
direct  working  and  interlocking  such  as  I  have  put  forward. 
.As  regards  the  question  of  points,  at  the  present  time  the  Board 
of  Trade  say  you  must  not  go  beyond  150  yards.  Why? 
Becaose  we  know  that  mechanically  these  points  have  failed  over 
and  over  again.  Well,  now,  I  think  any  one  who  knows  anything 
about  railway  work  will  be  aware  of  the  enormous  increase  in 
sidings  that  has  to  be  made  in  all  great  junctions  and  large 
central  depots.  These  have  all  to  converge  to  convenient  points 
for  the  signal-cabins,  and  if  you  took  them  to  suitable  distances, 
you  woald  have  to  multiply  your  hoses  and  cabins  all  over  the 
place.  Now,  with  our  system  (take  the  case  of  Peterboroug_h\ 
you  can  pnt  up  one  small  signal-cahixiy  with  a  poat-office  gvA  \^ 
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work  it,  and  she  could  manage  the  whole  of  these  sidiogs,  and 
two  or  three  times  the  number,  without  any  difficulty  at  all. 

Now,  Sir,  I  have  attempted  to  demonstrate  that  as  regards  the 
cost  we  arc  economical,  and  that  we  are  able  to  work  our  points 
any  distance  economically;  that  the  signals  are  worked  on  a 
correct  system,  because  their  normal  position  is  at  "  danger ;"  and 
that  the  whole  system  is — at  all  events,  I  think  so — perfect  and 
complete. 

The  President  :  As  it  is  so  late  I  shall  not  detain  you  with 
any  remarks  from  myself,  much  as  I  should  have  liked  to  join  in  a 
discussion  of  such  personal  interest ;  but  I  will  ask  you  simply  to 
accord  to  Mr.  Timmis  a  vote  of  thanks  for  his  excellent  paper. 

■   A  ballot  then  took  place,  at  which  the  following  were  elected, 
and  the  meeting  was  adjourned  until  12tb  March  :— 

Membere : 
Thomas  Parker.  |      James  Swinburne. 

AesocicUea: 


F.  H.  Badger. 

W.  Lant  Carpenter,  B.A.,  B.Sc. 

William  James  Dickson. 

Walter  Bede  Greener. 

J.  G.  Holdaworth. 

Captain  W,  R.  Lugar. 


Lewes  B.  McFarland. 

George  Arbuthnot  Moore. 
James  Robert  Pickering. 
Evelyn  Edward  Porter. 
Donald  R.  Ross. 
Kichard  Mousley  Somers. 


Student  : 
Arthur  William  Slater. 
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The  One  Hundred  and  Forty-second  Ordinary  General  Meeting 
of  the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
Ji5,  (rreat  George  Street,  Westminster,  on  Thursday  evening, 
12th  March,  1885— C.  E.  Spagnoletti,  Esq.,  M.  Inet.  C.E., 
in  the  Chair. 

The  minateE  of  the  previous  meeting  were  read  and  confirmed. 
The  foUowiDg  transfer  from  the  class  of  Students  to  that  of 
Associates  waR  announced  : — 

Samuel  Joyce,  Jun. 

Donatione  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  following  : — Willonghby 
Smith  ( Past-President ),  Sydney  F.  Walker  ( Member),  the 
Director-General  of  Telegraphs  in  India,  Latimer  Clark  (Past- 
President)  ;  to  all  of  whom  a  vote  of  thanks  was  accorded. 

The  Presidekt  then  called  upon  Sir  David  Salomons  to 
read  bis  paper. 

Oy  CONSTANT  ELECTRO-MOTIVE  FOKCE  IN  AN 
ELECTKIC  LIGHT  CUiCUIT. 

By  Sir  David  Salomons,  Bart,,  Member. 

It  is  proposed,  first,  to  investigate  a  few  points  concerning 
dynamos  used  with  accumulators  for  the  purpose  of  regulating 
the  lamps  in  incandescent  installations,  and  therefrom  find  some 
new  deductions. 

So  far,  it  would  appear  that  little  attention  has  been  given  to 
iMm  subject,  and,  in  consequence,  this  paper  has  been  written 
with  the  desire  of  helping  those  who  may  require  assistance,  and 
to  projxise  a  new  starting-point  in  the  construction  of  dynamos. 

Although  a  considerable  proportion  of  this  paper  is  theoretical, 
yet  abundant  experiments  were  made  before  coming  to  any  con- 
cloaions,  and  it  la  hoped  that  the  result  is  not  entirely  without  a 
successful  issue. 

Let  the  following  points  be  assumed : — 

(n)  That  the  resistance  of  the  leads  be  considered  as  nU, 
nnlesE  mentioned  otherwise. 
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(6)  That  in  all  cases  we  are  dealing  with  an  incandeaceni 

light  installation, 
(c)  Tliat  in  all  eases  simple  shunt  dynamos  are  used. 
(rf)  That    the    enginea    and   dynamoa   employed   are   of 

ample  size. 

(f)  That  the  accumulator  is  connected  up  in  "  parallel. 

Now,  for  an  increased  resistance  r  in  any  circuit,  that  t! 

current(=  C)shaU  remain  unchanged,  an  increased  E.M.F.  (=  e) 

must  be  added,  and  if  the  original  E.M.F.  =  E,  and  the  original 

resistance  =  E,  then 


01 
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Hence,  the  E.M.F.  must  always  increase  by  a  numerical  value 
which  equals  the  added  resistance  in  ohms  multiplied  by  the, 
original  current  in  amperes.     Further, 


=  i=(^'e. 
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e 

1 


that  ifi,  if  the  E,M.F,  vary,  then,  to  keep  C  constant,  the  added 
resistance  must  equal  C~'e  (numerical  value)  ohms. 

The  reasons  why  the  lamps  in  any  installation  are  not  ustiall; 
steady  are — firstly,  that  the  moti\-e  power  is  irregular,  or,  in  otb' 
words,  the  E.M.F,  varies ;  secondly,  the  resistance  of  the  circuii 
may  vary  and  the  dynamo  not  be  capable  of  giving  the  required 
E.M.F.  for  all  values  of  the  current  taken  off;  thudly,  a  co 
bination  of  both  may  exist. 

It  is  seen  th.it  if  the  relations  e  =  C  r  and  r  =  O'  e 
be  made  to  exist,  the  light  will  be  perfectly  steady. 

In  practice  there  is  no  convenient  way  of  carrying  out.  directly' 
these  relations,  but  the  following  are  five  methods  of  keeping  thi 
E.M.F.  at  the  lamps  constant,  or  nearly  so: — 

( 1 )  By  a  regular  motor. 

(2)  By  the  use  of  accumulators  working  alone. 

(3)  By  the   use   of  accumulators  placed  jiarallel  in  th 
circuit  whilst  the  dynamo  is  running. 

(4)  By  placing  in  parallel  any  counter  E.M.F. 

(5)  By  various  automatic  means,  magnetic  and  otherwise. 
Method  (1)  can  only  be  obtained  under  certain  conditio 
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which  will  not  here  be  dealt  witli;  method  (2)  ia  practically 
petfect;  (3)  is  approximate,  and  will  be  the  one  now  to  be  inves- 
tigated; (4)  is  a  new  methrnl,  tfl  be  described;  (5)  will  not  be 
considered  in  this  paper. 

Inst^lations  at  100  volts  are  in  very  general  use,  in  which 
cases  50  cells  of  an  accumulator  are  required  at  a  time  (if  E.P.S. 
cells  are  used),  each  eel!  giving  about  two  volts,  and  the  resistance 
of  all  the  cells  equal  appmiimately  one-tenth  of  an  ohm. 

In  general  it  is  found  that  the  beat  charging  current,  not  to 
injure  the  celts,  is  that  which  has  an  E.M.F.  ten  per  cent,  higher 
than  that  of  cells  to  be  charged.*     Hence,  with  an  installation 

as  above  mentioned,  10  volts  will  be  the  margin,  and  we  get 
C  =  —  =  100  ampere.s. 

Now,  in  point  of  fact,  with  moat  known  cells  imder  such  con- 
ditions about  30  amperes  pass.  Hence,  taking  the  resistance  of 
the  leads,!  connections,  etc.,  altogether,  and  probably  some  internal 
chemical  actions  besides,  the  resistance  works  out  about  0-3  of  an 
ohm.     Let  this  bo  so. 

Let  the  adjustments  of  the  installation  be  so  made  that  the 
mean  E.M.F.  equal  the  Correct  working  E.M.F,  required  for  the 
lamps. 

Then  any  rise  or  fall  of  E.M.F.  due  to  the  want  of  regularity 
in  the  motor  must  be  neutralised,  or  nearly  so,  in  order  to  make 
no  perceptible  difference  in  the  light  given  by  the  lamps.  One 
point  ia  certain — that  if.  under  the  conditions  mentioned,  the 
E.M.F.  should  rise  1  per  cent.,  the  increased  current  sent  through 
the  cells  will  be  3  ampf-rea,  and  so  on  in  proportion  for  any 
other  rise. 

Now,  in  Himple  shunt  machines  whose  brushes  require  much 
lead,  the  E.M.F.  rises  with  a  decreased  flow  of  current  in  the  outer 
circuit.     Therefore  a  fall   in  the  speed  of  the  dynamo  may  be 

*  The  reqaired  difft^rence  of  B.M.F.  tu  gbuim  Lbe  tniat  oUarging  currenti 
TBTiea  witli  tlie  ctlla  i.'inplo3'L>(l, 

f  Mcuiis. SiemeDEi  iii'!:thod at  deicriblng  tlieir  cociluctora  is  tlie  numticr  of 
yard*  t«  (Vl  ohm.  It  iisnfe  to  pati  the  Mine  nnmberof  ampdri^ias  thn  namber 
of  lbe  cowluclor  [or  short  periods,  and  lialf  its  numbet  forcontinaoMwottoui, 
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made  to  raise  Ihe  E.M.F.,  and,  on  the  other  hand,  the  E,M.F. 
maj  be  lovered  in  the  case  of  a  riae  in  the  speed. 

The  important  part  played  by  the  accumulator  is  due  to  the 
fact  that  its  resistance  in  small  as  compared  with  that  of  the  lamp 
circuit,  and  this  is  essential,  for  at  Ihoxe  inornenta  when  the  speed 
rises,  and  the  E.M.F.  rises  with  it,  and  the  8ow  of  current  in 
consequence  increases,  all,  or  almost  the  whole,  of  this  increase 
passes  through  the  cells,  so  that  no  alteration  takes  place  in  the 
current  flowing  through  the  lamp  circuit;  hence  the  E.M.F. 
remains  practically  unaltered  at  tLe  lamps  for  any  rise  of  E.M.F. 
at  the  terminals  of  the  dynamo.  Therefore,  if  a  dynamo,  as 
described  and  suitably  constructed,  is  employed,  very  perfect 
regulation  is  obtained  by  the  use  of  cells,  whether  the  E,M.F. 
rises  above  or  falls  below  the  normal ;  the  cells  and  dynamo 
combined  neutralising  the  rise  of,  and  the  dynamo  making 
good  the  fall  of  E.M.F,,  since  the  variations  in  the  speed  are 
momentary. 

If  the  increase  nf  speed  were  to  continue,  there  would  be  n 
general  rise  of  E.M.F.  Ihi-ougliout  the  circuit — that  ia,  rapid 
variations  would  be  counterbalanced,  but  a  permanent  and  con- 
siderable rise  in  the  sjieed  would  cause  a  slight  and  jjermanent 
rise  of  E.M.F.  throughout  the  circuit. 

From  the  foregoing  we  may  conclude  the  following  facts : — 

(1 )  That  it  is  necessary  to  use  dynamos  requiring  a  considerable 
lead  for  the  brushes,  so  that  the  K.iM.F,  shall  rise  as  the  current 
flowing  in  the  outside  circuit  decreases,  and  vice  versa,  if  it  is 
required  to  steady  the  light  given  by  the  lamps  by  means  of 
accumulators. 

(2)  That  simple  shunt  machines,  requiring  practically  no  lead 
for  the  brushes,  and  consequently  an  E.M.F.  almost  constant  for 
alt  values  of  the  current  flowing  in  the  outer  circuit  (especially  if 
the  magnets  are  nearly  saturated),  are  not  so  suitable  for  use  with 
accumulators  for  the  purjHDSe  of  steadying  the  light,  although  they 
can  be  used  with  good  results  for  charging  the  cells.  For  example, 
s  Siemens'  SSDu  machine  (for  300  lamps  of  20  candle-power), 
whose  brushes  require  a  considerable  lead :  the  variable  current  to 
ti/ecelJadae  (o  variations  in  the  speed  of  the  engine  was  2  amperes 
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{25  to  27  amperee  to  the  cells).  At  the  same  time,  the  variation 
in  the  lamp-circuit  due  to  any  rise  or  fall  of  E.M.F.  was  absolutely 
nil,  being  steady  at  24  amperes.  The  experiment  was  then  repeated 
under  the  same  conditions  ivith  a  Crampton  14-unit  dynamo  (for 
250  lamps  of  20  candle-power),  requiring  a  small  lead  for  the 
brushes.  Result :  variable  current  to  cells  2  to  3  amperes  (25  to 
28  amperes);  variable  current  in  lamp-circnit  1  ampere  (24  to  25 
amperes).  Consequently  this  dynamo  did  not  regulate  quite 
BO  well." 

(3)  That,  in  any  particular  installation,  any  apparatus  or 
machine  giving  a  counter  E.M.F.  equal  to  that  of  the  accumulator 
in  use,  and  having  a  like  resistance,  will  steady  the  light  just  as 
well  as  the  cells.  This  method  the  author  believes  to  be  quite  new, 
and  one  capable  of  considerable  development,  For  instance,  a 
motor  working  parallel  in  the  circuit,  giving  a  constant  counter 
E.M.F.  (a  motor  not  difficult  to  arrange),  and  having  an  armature 
of  very  low  resistance,  will  etfectually  steady  the  lights  with  a 
very  small  expenditure  of  power.  The  chief  advantage  of  cells 
is  that  most  of  the  power  is  stored  chemically,  whereas  in  the 
motor-regulator  it  is  lost ;  yet  for  many  purposes  the  end  gained 
is  worth  this  loss  many  limes  over.  It  must  also  be  observed  that 
any  motor,  in  a  factory  or  elsewhere,  with  an  unvarying  load,  and 
u.-ing  a  lai'ge  current  as  compared  with  the  "  variable  regulating 
current,"  will  become  a  good  motor-regulator,  with  practically  no 
loss  of  power.  In  most  cases  where  motors  are  in  use  in  parallel 
with  lamps,  some  method  can  always  be  devised  for  making  ihe 
motor  regulate  at  the  same  time. 

For  another  method,  supiiose  the  counter  E.M.F.  of  the  motor- 
regulator  to  vary,  it  will  evidently  do  so  in  proportion  to  the 
rariatious  of  the  E.M.F.  in  the  lanii)-cirGuit.  Hence  the  motor 
might  regulate  the  steam  flowing  to  the  steam-engine,  or  gas  going 
to  a  gas-engine,  in  such  a  way  as  to  regulate  the  speed  of  the 
engine  ;  hence  the  E.JI.K.  very  like  an  electrical  governor  in  its 
action  ;  or  the  variations  in  the  motor  may  vary  the  speed  of  the 


•  TUis  iUustntion  must  not  be  taken  aa  expresRing  any  apinitm  oa  the 
lelative  valae  of  Ibe  ilynamos,  bat  ouly  to  indicate  the  action  of  each  tjpe  when 
unploycd  witb  an  accum  ulster.  ^ 
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dynamo,  leaving  the  speed  of  the  engine  nnaltered.  Or  variable 
resistances  might  be  inserted  in  the  main  leads,  or  in  the  F.M, 
shunt-coils,  etc. 

The  following  is  a  very  good  way  of  inserting  a  counter  E.H.F, 
in  any  installation  : — Let  the  engine  drive  a  dynamo  (let  it  be 
called  dynarao-reguiator)  in  addition  to  the  generator.  If  the 
speed  of  this  dynamo-regnlator  is  %'ery  high,  and  the  belt  driving 
it  light,  long,  and  slack,  and  its  pulley  made  heavy  to  act  as  a  fly- 
wheel, then  this  dynamo  will  have  practically  a  constant  speed, 
even  when  the  engine  is  not  running  evenly,  i.e.,  the  belt  will  slip 
over  the  pulley  sooner  than  vary  its  speed,  and  the  power  required 
to  drive  it  will  be  very  small.  To  run  the  generator  at  a  constant 
speed  by  this  method  would  be  too  wastefid.  Suppose  this 
dynamo-regulator  to  be  placed  in  "  parallel,"  then  it.  will  give  a 
nearly  constant  counter  E.M.F.,  and  this  should  be  arranged  to  be 
nearly  equal  to  the  normal  E.M.F.  of  the  installation.  It  is  evident 
that  any  variation  in  the  E.M.F.  above  the  normal,  in  the  main 
circuit,  will  be  neutralised  id  the  same  way  as  described  in  the 
case  of  the  motor-regulator.  Such  a  dynamo-regulator,  employed 
in  an  installation  where  a  gas-engine  is  in  use  for  the  motive 
power,  and  no  accumulator,  would  be  found  invaluable,  rendering 
the  light  quite  steady:  a  result  almost  imj^jossible  at  present,  when 
only  a  few  lamps  are  on,  and  at  best  there  ia  a  slight  pulsation 
in  the  light.  The  power  absorbed  by  the  dynamo-re^Wwr  may 
approximately  be  estimated  as  follows.  Suppose  the  maiOine  to 
be  a  "  simple  shunt,"tben  the  whole  power  required  to  dri\*i  it,  so 
long  as  the  gas-engine  runs  evenly,  is  equal  to  the  power  id):( 
in  revolving  the  armature  when  producing  the  F".M,  shunt 
rent.  To  produce  a  counter  E.M.F,,  say,  of  11)0  volts  in  a  100-laL 
(20  candle-power)  iustallatioii  would  require  about  O'o  l.n.r. 
a  suitably-constructed  machine.  Hence  this  is  a  constant  loss  alf 
the  while  the  engine  is  running.  Probably  this  loss  of  power 
set  at  too  high  a  figure.  Now,  when  a  gas-engine  is  working 
near  full  power  it  runs  fairiy  steady,  and  there  will  be  hut 
trivial  variable  regulating  current  passing  through  the  dynamc 
armature  ;  hence  the  loss  of  power  under  this  condition  will  not: 
be  increased  to  any  practical  extent.     But  when  the  engine 
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utily  a  light  load  on  it,  and  its  speed  irregular,  then  the  loea  of 
power,  in  consequence  of  the  variable  regulating  current  being 
brger,  will  be  greater,  as  much  possibly  as  0-5  i.h.p.,  so  that, 
when  few  lamps  are  in  use,  the  extra  power  required  to  steady  the 
light  will  he  about  1  i.h.p.  This  seems  very  wasteful,  but  a  great 
difficulty  is  overcome:  that  of  getting  a  perfectly  steady  light 
from  a  gas-engine  when  only  a  very  few  lamps  are  in  use,  and  the 
more  that  are  in  use  at  a  time  the  less  the  loss,  till  finally  the 
loss  becomes  very  small  as  compared  to  the  total  power  required; 
yet  all  through  the  process  the  benefits  of  perfect  regulation  exist. 
It  will  be  observed  that  by  all  these  methods  both  rise  and 
fall  of  E.M.F.  above  or  below  the  normal  will  be  neutralised. 

(4)  That,  if  a  variable  resistance  ia  employed  in  the  shunt 
circuit  of  the  dynamo,  it  is  possible  to  charge  the  cells  at  any 
desired  rate  &om  the  current  given  at  the  maximum  E.M.F.  the 
dynamo  is  arranged  to  give,  down  to  nil :  and  this  plan  avoids  all 
necessity  for  altering  the  speed,  and  the  loss  of  power  is  very 
small.  This  method  has  always  been  employed  by  the  writer, 
and  has  many  advantages  in  practice.  It  is  thus  possible  to  work 
on  the  lamp  circuit  and  charge  at  any  desired  rate  at  the  same 
time,  and  in  addition  any  desired  E.M.F.  may  be  obtained  in  the 
lamp-circuit. 

But.  the  condition  exists  that  so  long  as  any  current  is 
entering  the  cells,  all  the  current  to  the  outer  circuit  is  supplied 
by  the  dynamo ;  and  this  continues  until  the  current  to  the  cells, 
by  means  of  gradually  increasing  the  shunt-resistance,  is  regulated 
down  to  7(i7,  when  unstable  equilibrium  ensues,  and  the  current 
to  the  lamp  circuit  is  at  a  given  moment  taken  half  Irom  the 
liynarao  and  half  from  the  cells,  and  this  relation  will  continue 
■  oil  values  of  the  current  within  the  limits  of  the  installation.* 
last  remarks  require  a  slight  modification  in  practice,  for 
neglect  the  resistance  of  the  leads  between  the  dynamo  and 
accumulator,  any  variation  of  the  resistance  of  the  cells,  and 
any  difference  in  the  relations  between  the  resistance  of  the  cells 

*  U  tDoreT«iiBUiiK  isinterled,  then  tlie  dynnmo  runs  ob  a  motor,  and  no 
longer  woiks  aa  a  geaerator. 
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and  that  of  the  annature.  If  all  these  points  are  t^cen  into 
consideration,  it  will  be  found  that  the  exact  proportion  of  dis- 
charge from  the  dynamo  and  the  celts,  instead  of  being  equal, 
will  be  somewhat  differenljbut  not  very  much  so;  and  in  the 
writer's  iuGtallation,  after  experimenting  with  many  dynamos  and 
two  sets  of  cells,  he  finds  the  theoretical  division  to  be  very  close 
in  practice,  the  leads  having  a  very  small  resistance,  and  the 
dynamos  being  fairly  suited  to  the  accumulators.  Besides  other 
advantages  gained  by  this  method,  the  cells  cannot  be  injured  by 
overcharging  or  be  charged  too  rapidly. 

In  short,  after  the  point  of  unstable  equilibrinm  has  been 
reached,  a  dynamo  and  accumulator  work  to  the  line  very  much 
in  the  same  way  as  two  batteries  giving  the  same  E.M.F.,  placed 
parallel,  would  act  under  similar  conditions.  I(  is  also  seen  that, 
in  cases  where  dynamos  requiring  mncb  lead  for  the  brushes  are 
used,  any  decrease  of  resistance  in  the  outer  circuit  acts  in  the 
same  way  as  putting  more  resistance  into  the  shunt-circuit,  and 
thus  tends  to  approach  the  unstable  equilibrium  point;  whereas, 
when  using  those  machines  requiring  practically  no  lead  for  the 
brushes,  the  outer  circle  may  be  supplied  almost  indefinitely 
(within  the  capacity  of  the  machine)  from  the  dynamo,  charging 
the  accumulator  at  nearly  the  siime  rate  all  the  time. 

The  author  finds  that  witti  a  "  Marshall"  steam-engine,  fitted 
with  Hartnell's  governor,  the  fluctuations  of  E.M.F,  (standard 
100  volts)  make  hut  an  increased  flow  of  two  to  three  amjicres  to 
the  cells  when  the  dynamo  (.Siemens'  SD,  or  ySD,,)  is  set  to 
charge  the  accumulator  at  the  same  time  as  supplying  the 
lamp-circuit,  adjusted  by  means  of  the  ahunt-resistance  to  near 
balancing  point;  and  further,  the  nearest  ajiproach  to  unstable 
equilibrium,  so  as  to  work  the  lamps  from  the  dynamo  only,  is 
that  of  passing  three  to  five  amp&'es  to  the  cells — that  is-to  say, 
if  further  resistance  is  put  into  the  dynamo  shunt-circuit,  at  any 
moment  unstable  equilibrium  ensues,  due  to  the  slight  irregularity 
of  the  steam-engine.  Hence  the  rise  of  E.SI.F.  is  limited  to  one 
per  cent,  at  the  terminals  of  the  dynamo.  Many  experiments 
tend  to  show  that  in  a  well-arranged  installation,  where  a  gas- 
engiae  is  in  use,  the  E.M.F.  at  the  terminals  of  the  dynamo  need 
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not  vary  more  than  +  2  volts,  and  for  steam-engine  +  0"5  volt ; 
these  values  being  measured  with  no  accumutatoi  in  circuit. 

In  order  better  to  understand  how  the  dj'namo  can  charge  the 
accoiiiulator  at  various  rates,  and  work  to  the  lamp-circuit  at  the 
same  time,  without  injm-y  to  the  lamps,  it  must  be  explained  that 
one  of  the  lamji-mains  must  be  capable  of  being  connected  (in  a 
100-volt  installation)  to  the  i5th  cell  during  the  time  that  the 
cells  are  being  charged  at  the  rate  of  30  amperes,  because  45  cells 
give  90  to  92  volts  and  10  per  cent,  tnoro,  at  the  time  of  masimam 
charging,  namely  99  to  101  volte.  Again,  if  the  charging  is 
carried  on  at  a  lower  rate,  the  lead  mentioned  must  be  switched 
to  the  46th  or  some  otiier  cell  till,  lit  balancing  jmint,  the  49th  or 
50th  iri  reached.  Complicated  as  this  methodraay  ajjpear,nothing 
can  be  simpler  in  practice. 

It  must  be  observed  tliat,  when  charging  50  cells,  and  one  of 
the  lines  taken  off  the  45th  cell,  the  remaining  five  act  as  a 
counter  resistance  in  the  lami>circuit,  and  these  have  to  pass 
the  total  current  given  by  the  dynamo.  The  evil  effects  of  so 
Urge  a  current,  often  flowing  through  them  may  be  prevented 
in  many  ways,  such  as  by  creating  a  shunt  to  these  celle,  or 
having  the  five  cells  larger,  bo  as  to  pass  more  current,  or  by 
coupling  these  extra  cells  with  an  equal  number  of  the  others  in 
parallel,  etc. 

Tliere  is  another  way  of  looking  at  an  installation  worked  with 
an  accumulator.  Let  the  lamp  circuit  be  regarded,  as  a  whole,  as 
a  variable  resistance,  and  the  accumulator  as  a  nearly  constant 
resistance.  Then  in  reality  the  installation  consists  of  a  constant 
Kaistance  with  a  variable  shunt -resistance  (viz.,  the  lamps).  This 
is  possibly  a  new  view  of  the  case,  and  a  very  convenient  one  for 
solving  problems. 

(5)  That  the  total  capacity  of  any  in.'itallation  equals  approxi- 
mately the  total  current  which  may  safely  be  taken  from  the 
cells,  together  with  an  equal  current  from  the  dynamo,  if  dynamos 
having  but  little  lead  for  the  brushes  are  excluded. 

Thin  conclusion  dictates  conclusively  the  maximum  size  of 
dynamo,  in  point  of  economy,  required  in  such  installations. 

(6)  That  the  results  here  detailed  may  lead  to  many  mo6\?i- 
eatioas  in  djuamos,  by  employing  some  form  ol  countet  ^.^Y 
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regulator,  instead  of  aiming  at  regulation  in  the  machine  itself, 
as  done  at  present.  The  advantage  of  using  this  regulator  will  be 
that  the  machine  cau  be  made  far  simpler,  with  very  few  coils  in 
the  armature,  and  few  plates  in  the  commutator,  and  if  massive 
■  soft  iron  field-magnets  are  employed  thera  will  be  no  Bparking; 
hence  a  very  simple  machine  might  come  into  use,  with  good 
efficiency,  and  wound  in  the  simplest  way,  capable  of  being  used 
as  a  direct  lighting  mafhine  with  very  good  regulation,  or  for 
charging  accumulators  by  switching  on  the  cells  in  the  place  of 
the  counter  E.M.F.  regulator. 

(7)  That  the  size  of  accumulator  to  be  used  in  any  particular 
installation  depends  on  the  class  of  dynamo  used,  for  if  its  E.M.F. 
rises  rapidly  for  a  decreased  flow  of  current  to  the  outer  circuit, 
then  clearly  the  accummulator  may  be  of  smaller  size  than 
when  the  reverse  is  the  case,  so  that  a  small  accumulator  will 
serve  to  regulate  a  large  installation  if  the  dynamo  is  made 
suitable,  that  is  to  say,  what  would  be  called  a  badly  regu- 
lating dynamo  under  some  circumstances  would  here  be  the  best 
machine.  Further,  the  accumulator  must  be  of  very  large  size, 
if  to  regulate  at  all,  with  dynamos  requiring  a  very  small  lead 
for  the  brushes.  In  all  cases  the  resistance  of  the  cells  must 
be  small  compared  with  that  of  the  lamp-circuit. 

(8)  That  as  a  general  conclusion  from  the  above — 

(i.)  If  dynamos  requiring  much  lead  axe  used,  steadiness 
of  light  is  secured ;  but  it  must  be  observed  that  the  lamps 
will  get  a  little  brighter  as  the  "  run  "  proceeds  if  the  current 
flowing  to  the  lamp-circuit  remains  unaltered,  because  the 
counter  E.M.F.  of  the  cells  increases  as  the  charging  advances, 
so  that  the  total  current  given  by  the  dynamo  decreases,  and 
the  E.M.F.  consequently  has  a  permanent  rise. 

(ii.)  With  dynamos  having  but  a  very  small  lead,  the 
E.M.F.  in  the  lamp-circuit  remains  constant  at  all  periods  of 
the  charging,  except  at  those  moments  when  the  speed  of  the 
machine  is  irregular  and  these  variations  at  the  terminals  of 
the  dynamo  are  much  reduced  at  the  lamps. 

(iii.)  Lastly,  if  a  dynamo  as  in  case  (i.)  ia  employed,  and 
a  dynamo-  or  motor-regulator  is  used,  both  defects  above 
"■Btioned  are  overcome. 
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The  following  is  a  method  for  ascertaining  what  gize  of 
ac<:amulator  should  be  chosen  for  any  particular  installation : — 

Let  R  =  resistance  of  cells ; 
„  »  R  =  resistance  of  lamp-fircuit ; 
„  a  =  woinerdaTy    variation   of    E.M.F.    above    the 

normal,  owing  to  irregularity  in  speed ; 
„  E  =  normal  E.M.F. 

Then,  if  the  dynamo  is  a  suitable  one,  all  momentary  fall  of 
E.M.F.  below  the  uoimal  will  be  compensated  for,  and  the 
moTTientary  rise  of  E.XLF.  is  all  that  has  to  be  neutralised  ut  the 
lamp!. 

Hence,  the  rise  of  E.M.F.  at  the  lamps  will  never  exceed 

— =   X  a  =  -,  and  the  limits  of  EJtf.F.  will  lie  between  E  and 
n  R  n 

n 
Thus,  if  a  is  large,  n  must  be  large,  or  else  -  has  a  large  value, 

7* 

for  it  is  required  that-  shall  be  mode  as  small  as  possible. 

In  all  installations  the  value  of  a  can  be  ascertained,  so  that 
7(  has  to  be  found.  It  must  then  be  decided  as  to  how  small  a 
TsHstion  of  E.M.F.  is  to  be  allowed  at  the  lamps,  and  the 
latitude  will  depend  u^jon  what  the  light  is  to  be  used  for;  this 
point  settled,  the  value  to  be  given  to  n  is  known. 

To  find  what  amount  of  lead  a  dynamo  should  have  in  any 
given  installation, 

Consider  only  the  fall  in  the  speed ; 

Let  i-  =  a  constant  expressing  the  percentage  of  momen/aT*y 
fall  in  the  normal  speed  of  engine  when  not  working 
regularly. 

Now,  the  E.M.F.  varies  very  neiirly  in  direct  proportion  to  the 
speed,  when  these  are  compared  at  rates  not  differing  much  from 
one  another. 

Then  the  varying  E.M.F.  below  the  normal  may  also  be 
erpressed  by  k,  hence,  to  keep  the  current  flowing  to  the  cells 
rMrniienlarily  oonstant  for  the  decreased  speed,  ttie  E.M,.¥.  %\io>Mi 
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be  made  to  rise  a  percentage  equal  to  k,  and  this  can  be  accom- 
plished in  the  construction  of  the  dynamo. 

For  tUe  lead  of  the  brushes  may  vary  90",  which  may  be 
interpreted,  that  at  0°  the  E.M.F.  is  constant  for  all  values  of  the 
current  flowing  to  the  outer  circuit,  speed  remaining  constant, 
and  close  to  90°  for  a  very  small  difference  in  the  quantity  of 
current  taken  off,  an  immense  difference  in  the  E.M.F,  would 
follow.  The  lead  can  never  actually  be  made  to  exist  at  0°  or  at 
90°,  but  at  any  point  between.  ,\nd  the  lead  and  rise  in  the 
E.M.F.  for  a  decreased  flow  of  current  in  the  outer  circuit  vary 
directly  with  one  another,  wlien  compared  at  close  inten-als  of 
variation,  hence  the  extra  lead  required  to  lieep  the  E.M.F. 
constant  at  the  lamps  for  any  m07)ie-ntary  fall  in  current  flowing 
to  the  outside  circuit  rtue  to  irregularity  in  the  engine  is  fc  x  90". 
If  the  usual  current  given  by  the  dynamo  requires  a  lead  of 
g  X  90°,  then  for  this  machine  to  work  with  cells  in  any  given 
installation  the  lead  must  be  made  (j  +  k)  90°.  From  this  it  is 
seen  that  if  may  he  made  as  small  as  desired,  or  variable,  but  k 
depends  on  the  character  of  the  installation.  It  may  be  noticed 
that  A:  =  a  in  the  last  investigation. 

To  obtain  the  required  extra  lead  k  x  90°, 
Let.      n  =  polarity  of  the  armature ; 
„        m  =  polarity  of  tield-magnets ; 
„        J>  =  angle  of  lead ; 
Then  —  =  sin,  p. 
In  the  case   under  consideration,  y   being   known,  namely, 
is  ■I'  ^)  ^0°>  ^^^  relation  —  may  be  arranged  as  most  convenient. 
Retiiming   to   a  lOO-volt  installation  (50  lamps  20  candle- 
power)  with  a  gas-engine,  if  we  have  n  =  20  and  a  =  S,  then 
the  E.M.F.  at  the  lamps  will  vary  from  100  to  lOO'l  volts ;  and  if 
a  steam-engine  replaces  the  gas-engine,  and  «  =  20  and  a  =  0'5, 
then   the   E.M.F.   will   only    vary  from    100   to    100-025   volts. 
Lastly,  if  it  is  allowed  to  vary  the  E.M.F.  as  much,  say,  as  one  per 
cent.,  many  combinations  may  be  employed,  from  a  very  irregular 
motor  to  a  very  small  accumulator.     Also  the  extra  lead  will  in 
tie  £rst  case  be  1  '&°,  and  in  the  second  one  0'045°. 
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It  is,  perhaps,  diverging  sUghtly  from  the  subject  to  consider 
the  qnestion  of  starting  mutors  by  accumulators,  but  in  many  cases 
the  dynamo  is  made  to  start  the  gas-engine  which  works  it  in  this 
way,  so  that  the  consideration  of  the  question  may  fairly  come  here. 

On  turning  the  current  from  the  accumulator  to  tbe  dynamo 
(ha\'ing  an  armature  of  appreciable  resistance)*  it  is  found  that 
great  sparking  ensues,  damaging  tbe  brushes  rnd  commutator, 
unless  the  current  is  turned  on  gradually  through  a  resistance, 
but  with  machines  having  very-low-resistance  armatures  this 
precaution  ie  unnecessary. 

Why  this  differenci;?  In  dynnmos  whose  armatures  have  a 
considerable  resistance,  the  flow  of  current  is  limited  in  most 
cases  to  within  the  capacity  of  the  cells,  and  there  will  be  no 
appreciable  fall  of  the  E.SI.F-,  consequently  a  strong  current  in 
the  shunt-coils,  hence  a  strong  field,  and  it  is  this,  combined  with 
a  large  current  flowing  in  the  armature,  which  creates  tbe  mischief 
if  no  resistance  is  inserted  at  the  start. 

In  the  case  of  a  low-resistance  armature,  more  current  is 
permitted  to  flow  from  the  cells  than  they  are  ca]>able  of  giving, 
Uence  a  great  fail  of  E.M.F-  and  a  weak  field,  because  very  little 
carrent  passes  to  the  shunt-coils.  Therefore  the  motor  starts 
steadily,  and  the  power  rises  as  the  speei!  increases,  tbe  counter 
E.M.F.  in  consequence  diminishing  the  ciu'rent  flowing  through 
the  armature  gradually  until  the  capacity  of  the  accumulator  is 
reached,  when  the  ordinary  laws  affecting  motors  come  into 
operation, 

In  all  cases,  therefore,  it  is  advisable  to  start  motors  with  a 
iTuriable  resistance,  for  in  the  first  instance  the  dynamo  is  saved 
from  injury,  and  in  the  second  one  the  cells  are  preserved. 

These  remarks  on  motors  apply  to  the  majority  of  cases,  since 
these  phenomena  occur  only  where  the  various  apparatus  are 
properly  proportioned  to  one  another  and  the  installation. 

Thus  far  have  the?e  subjects  been  examined,  and  it  is  hoped 
to  carry  the  experiments  still  further,  to  find  some  new  relations 
and  facts  which  may  prove  of  ser\'ice  to  electricians. 

■  It  i*  thesL-  which  generally  require  IJieir  brudiei  to  have  a  C0T)Sl<le1:B>^iVe\BBA.. 
lOL.  XIV.  9 
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The  PHESiDEyr:  Sir  David  Ralomons  is  very  fortunate  io 
having  such  escellent  appliances  for  trying  any  experiments  he 
may  desire  iu  his  uuique  private  workshop,  and  it  is  to  be  hoped 
that  he  will  be  good  enough  to  give  the  Society,  from  time  to 
time,  the  benefits  of  the  resulta  to  which  such  experiments  may 
lead  him. 

With  regard  to  the  system  of  using  accumulators  as  regulators, 
the  year  before  last  I  was  trying  some  experiments  with  Bamett's 
secondary  batteries,  having  about  19  in  series.  They  were 
connected  in  a  Brush  arc  circuit  of  a  sixceen-hght  machine — 
that  is,  the  lead  ttame  from  the  dynamo  through  a  series  of  arc 
lights,  and  then  from  the  last  lamp  through  the  accumulators, 
back  to  the  dTOamo  machines".  A  switch  was  used  for  cutting 
the  batteries  in  and  out  of  circuit. 

They  were  thus  charged  liy  the  current  that  auppUed  the  arc 
circuit,  and  ran  the  incandescent  lamps  in  fire  offices  and  two 
passages,  making  in  all  about  25  lights,  most  satisfactorily.  We 
found  that  the  light  was  exceedingly  steady,  and  could  not  have 
been  better.  They  acted  wonderfully  well,  because  the  variation 
of  the  current  was  frequent ;  but  by  the  system  of  accumulators  a 
very  constant  and  steady  light  was  obtained.  The  offices  were 
lighted  up  about  half  an  hour  earlier  than  the  outside  lights;  and 
then  we  ran  the  lamps  from  the  accumulators  only.  When  the 
arc  lamps  were  lighted,  and  the  batteries  were  switched  in  to  the 
circuit,  we  saw  a  slight  increase  in  the  light.  With  this 
exception,  the  arrangement  worked  in  every  way  as  satisfactorily 
as  one  could  wish. 

Professor  Forbes:  There  are  several  points  in  connection 
with  this  iMiper  upon  which  I  should  be  very  glad  to  have  an 
opportunity  of  saying  a  few  words. 

In  the  first  place,  I  think  that  most  of  those  who  have  heard 
this  interesting  paper  will  feel  the  same  regret  that  I  do — that 
Sir  David  Salomons,  who  has,  I  am  sure,  spent  an  enormous 
amount  of  time  on  experiments  to  get  at  his  results,  has  given  us 
so  very  few  experimental  data  in  confirmation  of  these  results. 
The  results,  no  doubt,  are  perfectly  reliable,  but  we  should  like 
lo  have  seen  the  data  put  down  in  figures  by  which  these  results 
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Lave  been  arriverf  at.  The  most  interesting  point — to  me  the 
newest  point — in  the  wliole  piiper  seems  to  be  that  which  ia 
contained  in  the  second  leaf  of  the  proofs,  in  which  he  draws 
attention  to  the  fact  that  "in  simple  shunt  machines  whose 
bmsbe.i  require  much  lead,  the  K.M.F.  rises  with  a  decreased  flow 
of  current  in  the  outer  circuit.  Therefore,"  he  says,  "  a  fait  in 
the  speed  of  the  djnamo  may  be  made  to  raise  the  E.M.F.,  and, 
on  the  other  hand,  the  E.M.F.  may  be  lowered  in  the  case  of  a 
rise  in  the  speed."  To  mo  this  ia  a  totally  new  thing,  I  never 
heard  of  it  before.  I  was  completely  unaware  of  the  fact  that  you 
Goald  raise  the  E.3LF,  of  n  machine  by  making  it  go  slower.  Of 
course,  if  the  brushes  are  set  for  a  certain  speed,  for  a  speed  lower 
than  that  at  which  the  djTiamo  is  actually  running,  then  I  can 
eonceire  that  if  the  speed  of  the  dynamo  were  to  diminish,  the 
fall  in  E,M.F.  would  not  be  so  great  as  it  would  have  been  if  the 
brushes  had  been  properly  set  ;  it  is  perha]is  even  conceivable 
that  the  E.M.F.  would  not  vary,  or  would  even  rise  with  a  decrease 
oft  speed.  But  in  that  particular  case,  if  the  velocity  of  the 
drnamu  were  to  increase,  then  the  E.M.F.  would  fall  off  quite  as 
rapidly,  even  more  rapidly,  than  if  it  had  been  in  the  normal 
position  for  that  speed.  .So  that  this  fact  is  a  remarkable  thing 
from  a  theoretical  point  of  \iew.  It  is  not,  remember,  that  the 
E.m.F.  will  rise  when  the  resistance  in  the  external  circuit  is 
increnaed  ;  it.  is  that  the  E.M.F,  rises  when  the  current  is 
diminished,  the  outer  resistance  remaining  the  same.  It  is,  I 
refieat,  a  most  remarkable  law — so  rcmaikable  that  I  think  we  are 
entitled  to  espect  that  Sir  David  Salomons  will  furnish  some  tests 
which  bear  out  and  support  these  conclusions  at  which  he  has 
arrived.  It  will  then  be  a  most  interesting  addition  to  our 
knowledge,  and  one  wtiich  deserves  a  very  great  deal  of  attention; 
but  we  really  must  have  the  figures  of  the  teals  before  us. 

Then  a  second  point  is  the  question  of  using  a  dynamo  as  a 
shunt  on  the  inaia  circuit.  Dr.  llopkinson  has  already  touched 
on  this  in  a  few  remarks,  and  has  said,  I  think  with  justice,  that 
if  we  are  using  a  fly-wheel  on  the  regulating  dynamo  or  motor,  it 
would  perhaps  be  equally  good  to  put  the  fly-whee\  otv  ftift 
generatin^^  dj-nama.     There  is  no  doubt  that  for  slight  vaiiatVoTiB, 


lU 


ON  COKSTAKX  ELECTEO-MOTIVE  FOBCE.  Eir.    [Mar.  latl 


Bueh  as  are  produced  by  the  joiut  of  a  belt  in  the  gearing  of  theifl 
dynarao,  putting  a  motor  as  a  shunt  upon  it  does  steady  the 
lights  and  keep  them  from  blinking.  I  dare  aay  there  are  many 
liere  who  know  of  previous  cases  of  such  a  means  being  adopted. 
In  December,  1881,  when  1  was  connected  with  the  lighting  of  the 
Scottish  Club  in  Dover  Street,  I  took  an  opportunity  of  putting  in 
a  motor  in  that  way  as  a  shunt.  The  lamps  up  to  that  time  had 
been  flickering  most  seriously.  I  put  a  Gramme  machine  aa  a 
Bliunt  u]Kin  the  circuit  close  up  to  the  lamps,  and  it  was  perfectly 
effective :  it  steadied  the  lamps  completely.  Tlie  action  of  the 
armature  of  the  shunt  dynamo  complett-ly  steadied  the  lamps  and 
took  away  the  flickering  which  had  been  jjroduced  by  the  joint  in 
the  belt.  I  (bought  myself  fit  the  time  that  thia  was  novel,  but 
I  spoke  about  it  to  Sir  Charles  Bright,  I  remember,  and  he 
immediately  referred  me  to  a  paper  in  La  Lumiere  Electrique  of 
that  very  week.  I  really  don't  kuow  whether  it  had  api)eared 
before  I  made  the  trial  or  not,  but  M,  Marcel  Deprez  bad  had 
exactly  the  same  idea,  and  it  was  published  at  that  time.  I 
simply  mention  this  as  an  instance  of  where  such  a  thing  has 
been  tried  before.  In  my  own  case  I  gave  it  up  immediately,  on 
account  of  the  frightful  noise  it  made  in  the  place,  and  I  put  in 
some  voltameters  instead — that  is  to  say,  a  number  of  batter^^H 
cells  in  aeries,  with  bits  of  lead  bent  over  the  one  into  the  other^* 
■with  acidulated  water  (you  might  call  it  a  kind  of  accumulator), 
and  that  I  found  do  the  same  thing nith  very  much  less  trouble. 
I  may  mention  that  the  use  of  sucli  an  arrangement  as  that,  I 
saw  first  in  the  TimfS  office.  Mr.  Macdonald  told  me  of  it,  and 
I  saw  it  in  January,  1882.  I  tested  it  in  the  Scottish  Club,  and 
found  it  perfectly  satisfactorj ;  and  I  have  told  a  great  man; 
friends  of  it,  who  have  always  found  it  successful.  In  1883,' 
when  I  was  at  the  Vienna  Exhibition,  I  spent  a  few  days  at 
Fiume,  where  Mr.  Wiitehead  had  an  installation.  They  were 
very  much  bothered  by  the  flickering  of  the  lights,  and  I  told 
them  of  this  simple  plan.  They  bent  some  old  lead  piping, 
split,  into  the  shape,  &nd  made  such  a  voltameter.  Mr.  White- 
head wrote  to  me  afterwards,  and  said  it  had  been 
BiiccesBfu}. 
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I  think  every  person  who  deals  vritli  these  lamps  would  be 
helped  enormously  hy  looking  at  the  matter  in  a  numerical 
point  of  view.  Sir  David  Salomons  told  U9  at  the  beginning 
that  the  paper  was  to  a  considerable  extent  theoretical.  I 
would  express  the  view  that  I  should  like  to  have  seen  a  little 
more  theory  in  it — that  U  to  say,  if  he  had  put  down  tlie  formula 
for  the  current  which  was  pa-sing  in  the  different  jiarts  of  the 
circuit,  it  would  help  very  much  iudeed  to  estimate  the  relative 
parts  which  are  being  played  by  the  accumulator,  the  dynamo, 
and  the  lamps  in  the  circuit.  I  have  never  seen  in  print  the 
statement  of  these  currents  iu  the  manner  in  which  accumulators 
of  small  resistance  do  act  bo  perfectly  as  a  regtilator,  and  I  wrote 
it  down  on  the  board  during  Ihe  Conference  at  Philadelphia  last 
autumn ;  and  although  iherc  was  nof  hing  new  in  it,  yet  it  seemed 
that  few  people  had  seen  it  before,  and  it  may  be  worth  while  if  [ 
just  put  down  a  short  sketch. 

V 


— -JT' 
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Supimsing  I>  to  bo  the  dyuamo,  and  at  B  we  have  our 
secondary  batter}'.  L  is  a  lamp  circuit.  The  acciunulatora  are 
placed  as  a  shunt  in  tlie  lamp  circuit.  Xow  we  have  three 
different  currents  jiassing.  A  certain  .imount  of  current  is  [lassing 
through  the  dynamo  circuits  round  to  points  V  and  V;  a  certain 
amount  of  current  from  these  points  round  the  lamp-circuit ;  a 
certain  amount  of  current  between  these  points  through  the 
accumulator.  Let  us  call  these  different  currents  by  different 
letters — C,  the  current  passing  through  the  dynamo  jmrt  of  the 
circuit,  C,  the  current  iiassing  through  the  accumulator  part  of 
the  circuit,  and  C,  the  current  piissing  through  the  lamp  part  of 
the  circuit.  Again,  let  E,  be  the  E,M,F,  which  is  generated  by 
the  dynamo,  and  let  E,  be  the  E.M.F.  which  is  generated  by  the 
accumulators ;  and  again,  let  us  use  the  same  figures  to  represent 
the  resistances — that  ia  to  say,  li,  is  the  resistance  of  the  part  of 
the   circuit   including   the   dynamo   and   the   leads   u^  lo   t,\i« 
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accumulator,  Rj  is  the  resistance  of  the  accumulator  part  of  the 
circuit,  and  R,  is  the  resiBtance  of  the  lamp-circuit  between 
V  and  v.  Now  let  ub  mark  the  two  points  where  the  accumu- 
lator-shimt  comes  o£F.  Let  V  and  V  be  the  poteutials  at  these 
two  points,  and  let  us  suppose  that  the  current  is  positive  in  any 
one  of  these  conductors  when  it  flows  &om  V  to  V,  and  negative 

when  flowing  from  V  to  ^^     Thus 

V V' El 

the  current  through  the  dynamo  ia  Cj  =   - — fj — — 

"1 

y y g 

„  „         accumulators  is  C,  =  — -n '- 

V— V 
»  ■>  lamps  18  C,  =  -^— 

Now,  since  the  currents  flowing  from  the  point  V  are  positive, 
and  those  flowing  to  it  are  negative,  it  follows  that  C|  +  Ci+C,=0. 

Put  in  the  values  of  C„  C„  and  C^,  obtained  above,  and 
multiply  by  H,  Kj  lij,  ami  we  have 

(V-V)  (E.  E,+  R,  R,+R.  R,)-E.  •  R,E,-E, .  R^E,  =  0, 

and  this  gives  us  V— V.  We  want  to  know  the  current  flowing 
through  the  lamps.     This  is 

p_V--V'_   1_    E,.R.R,  +  E..R,Ri_ E.R,  +  E.R, 

■        R.     ~K/R,R,  +  R.K,+R,k."R,R,  +  lt,li,+R,K, 

This  is  the  general  formula  which  the  author  should  use  by 
inserting  the  values  of  Ej,  E„  E„  R„  Ej  in  each  special  case.  The 
value  of  Cj,  above,  is  the  cuiTcut  which  is  passing  through  the 
lamp-circuit,  under  all  jjosaible  conditions  of  resistance  and 
electro-motive  force  in  dynamo,  accumulators,  and  lamps.  If  the 
resistance  of  accumulators  is   small,  the  equation  is  simplified ; 

and  in  the  limit  where  their  resistance  is  very  small,  it  approaches 

E 
the  value  given  by  K,  =  0  j  i.e.,  C,  =  -^,  and  the  regulation  is  per- 

"i 
feet,  since  the  current  is  proportional  to  the  number  of  lamps. 

Professor  Adams  :  I  have  very  little  to  remark  with  regard  to 
the  paper  by  Sir  D.  Solomons.  It  treats  of  seveial  veiy  interest- 
ing questions,  especially  the  use  of  accumuUtors  as  regulators  in 
an  electric  circuit,  in  connection  vdth  dynamo  machines.  The 
point  in  which  I  was  specially  interested  iu  this  pax>er  is  that 
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which  is  Slimmed  up  tmder  the  last  heading  on  the  fifth  page, 
vjz^  that  if  &  dynamo  is  employed,  and  a  dynamo  and  motor 
regulator  is  used,  then  the  defects  of  engines  are  overcome — -that 
is  to  say,  there  is  greatly  increased  steadiness  in  the  electric 
circuit.  Jio  doubt  Sir  David  Salomons  is  speaking  hero  of  the 
use  of  continuous-cnrrent  dynamo  machines,  because  these  have 
l>een  used  hy  him  in  his  electric-Hghling  experimeota.  The 
employment  of  motor  dynamo  machines  as  regulators  in  connec- 
tion with  an  electric  circuit;  is  important ;  and  although,  as 
Professor  Forhes  says,  it  is  not  new,  yet  it  has  not,  I  think,  been 
sufficiently  dwelt  upon  or  considered  "hitherto.  In  niy  paper  on 
altemBte-current  macliJnes,  given  before  the  Society  in  November 
last,  I  stated,  towards  the  end  of  the  paper,  that  when  three 
alternate-current  dynamo  machines  were  working  together  to 
supply  an  arc  light,  if  one  of  them  be  driven  as  a  motor  by  the 
other  two  maeliines,  the  three  being  capable  of  synchronising 
with  one  another,  the  motor  machine  had  the  remarkable  effect 
of  steadying  the  light  of  the  electric  arc  so  that  the  arc,  when 
the  machine  was  used  as  a  raotor^  was  very  much  steadier  and 
gave  a  stPonger  light  than  when  the  machine  was  not  so  used. 
I  am  alluding  to  some  eiperimenta  which  I  had  been  carrying 
out  at.  the  South  Foreland;  and  since  that  paper  was  rend  I  have 
been  carrying  out  further  experiments  on  the  same  raachines, 
three  very  large  De  Meritens  alternate-current  machines.  On 
driving  two  of  these  direct  from  the  engine,  a  very  steady  light 
is  obtained  in  a  single  arc.  On  driving  the  whole  three  machines 
from  the  engine,  a  stronger  light  is  obtained,  anJ  it  is  fairly 
steady ;  but  on  throwing  off  the  belt  from  one  macliine  altogether, 
and  allowing  it  to  bo  driven  as  a  motor  by  means  of  the  current 
from  the  other  two  machines,  the  light  is  very  much  increaied, 
aud  is  rendered  very  much  steadier.  The  power  applied  from  the 
engtae  to  the  two  machines,  when  these  machines  work  the  third 
machine  as  a  motor  and  supply  the  current  to  the  arc,  gives  a 
very  much  better  light  in  the  arc  than  when  the  whole  three 
machines  are  driven  from  tiie  same  engine,  or  when  two  machines 
are  driven  by  themselves  without  intrcJucing  the  third  machine 
as  a  mot«r  in  the  circuit.     1  had  oii]y  made  the  expetimeTiV,  oaw 
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before  the  meeting  iu  November,  but  I  have  since  repeated  tlmt 
experiment  over  and  over  again,  and  always  with  tbe  same  result. 
The  light  is  miioh  steadier  wlien  the  third  machine  is  used  aa  a 
motor  than  under  any  other  circumstances,  the  motor  acting  as  a 
governor  in  the  circuit.  In  this  case  I  think  the  result  of  the 
experiment  shows  tlint  a  steiidier  effect  is  jjroduced  in  that  way 
than  would  be  prodiiired  hy  means  of  a  fly-wheel,  alluded  to  by 
Dr.  Hopkinson,  for  these  madiines  are  bo  large  that  they  revolve 
with  the  steadiness  of  a  fly-wheel.  The  mechanical  motion  is 
very  regular,  but  the  motor  acts  as  a  governor  of  the  electric 
current  in  the  circuit. 

Professor  AvUTON :  The  point  Sir  David  Salomons  has  brought 
before  us  is  one  of  great  im|iortance,  because  the  flickering  of 
incandescent  lamps  is  not  only  extremely  objectionable  to  anybody 
using  them,  but  there  is  everv  reason  for  believing  that  it  tends 
greatly  to  shorten  their  lives,  and  therefore  iiny  means  of 
avoiding  flickering  not  only  makes  the  light  pleasanter,  but  adds 
to  the  economy  of  lighting.  I  am  not  tjnite  sure  whether  Sir 
David  Salomons  has  specially  distinguished  in  the  earlier  part  of 
his  paper  between  the  two  causes  of  a  change  of  cmrent  passing 
through  the  incandesct'nt  lamps,  ttne  cause  is  attributable  to 
the  unsteadiness  of  the  engine,  the  other  to  the  switching  off  of 
lamps  in  different  parts  of  the  building  in  which  they  are 
employed;  and  in  that  case  you  cannot  get  over  that  altenition 
of  the  cun-ent  by  the  method  first  suggested,  if.,  the  use  of  n 
well-governed  engine.  For  this  ivill  not  in  any  way  prevent  the 
breaking  of  lamps  when  others  are  switched  oft"  in  various  jarts 
of  the  building;  and  I  venture  to  think  the  whole  problem  would 
have  been  made  simpler  if  tin-  two  distinct  causes  for  the  variation 
in  the  Ught  of  the  lamps  had  been  separated  one  from  the  other. 

With  reference  to  the  other  point  which  was  extremely 
important,  I  might  ask  Sir  David  Salomons  whether  in  this 
second  paragraph  on  jage  2,  "Therefore  a  fall  in  the  speed  of  the 
dynamo  may  be  made  to  miso  the  E.M.F,,''  and  so  on,  is  a  con- 
clusion obtained  experimentally,  or  deduced  theoretically  from  the 
first  part  of  the  paragraph,  "  Xow  in  simple  shunt  machines,"  etc. 

Sir  David  Salomons:  Both  |ractically  aud  theoretically. 
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Professor  AyrtoS  (resuming):  Like  Professor  Forbes,  lama 
littJe  unable  to  follow  the  "  t her i' fore."  It  would  be  a  very 
difficult  matter  to  deduce  thporetii-ally  that  when  you  decrease 
the  ccrrent  in  the  outside  circuit  by  auy  possible  means,  including, 
for  example,  diminution  of  speed  of  the  dynamo,  you  obtain  an 
increase  of  E.M.F.;  but  if  this  result,  as  Sir  David  Salomons 
assures  us,  has  been  obtained  expe  rim  en  tally,  it  is  undoubtedly  a, 
result  of  extreme  imiiortiince. 

With  reference  to  changing  the  number  of  accumulators, 
referred  to  by  Sir  David  Salomons,  there  were  certain  devices 
employed  for  that  object  by  my  ccl league  and  myself,  in  connec- 
tion with  one  of  the  early  uses  of  accumulators  for  electric  lighting 
on  a  somewhat  large  scale,  viz.,  that  at  the  Grand  Hotel,  about 
three  years  ago,  which  I  do  not  think  have  been  made  public, 
and  which,  therefore,  it  may  be  interesting  to  briefly  refer  to  here. 


ill    lllll 


flii.  I. 

During  the  greater  part  of  the  day,  the  connections  of  the 
dynamo  were  aa  shown — that  is,  the  cells  A  B  were  being  charged. 
At  about  3  houra  before  the  lighting  commenced,  the  lead  No.  2, 
Fig.  1,  was  gradually  moved  cell  by  cell,  bo  as  to  reach  the  end 
B'  at  about  the  time  the  hghting  commenced,  when  the  leads 
from  the  dynamo  would  be  us  shown  in  1  and  2  of  Fig.  2,  and 
those  to  the  lamps  by  3  and  4. 

The  cells,  Iht-refore,  from  A  to  E  would  be  discharging,  those 
from  B  to  B'  charging,  and  the  lamps  fed  by  the  sum  of  these  two 
uurrents.  As  the  ceiln  A  B  became  somewhat  exhausted,  the 
wire  4  was  moved  gradually  frcm  B  towards  B',  so  aa  to  reach  B' 
at  about  the  end  of  the  lighting.  Moving  from  B  towards  B'  bad 
the  effect,  of  course,  of  increasing  the  number  of  cells  discharging, 
and  diminishing  the  number  charging;  and,  by  properly  timing 
the  rate  of  moving  the   lead  2  coming  from  the  dynamo  itowi 
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B  to  B'  previously  to  the  commencement  of  the  lighting,  as  well 
as  the  rate  of  moving  the  lead  4  going  to  the  knips  during 
the  lighting,  the  total  amount  of  energy  stored  up  in  each  cell 
previously  to  and  during  lighting  could  be  made  practically 
exactly  proportional  to  the  amount  taken  out  of  it  during  light  ing. 
To  avoid  the  successive  short-circuit  ing  of  each  cell  as  either 
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the  leads  2  and  4  are  moved,  and  which  is  probably  extremely 
bad  for  the  colls,  one  or  other  of  foiu-  devices  may  bo  employed. 

First.  The  contact-blocks  C„  Cj,  C.,,  permanently  attached  to 
the  cells,  may  be  farther  apart  than  the  width  of  the  sliding 
contact^maker  M,  aa  shown  ia  Fig.  3,  so  that  it  cannot  rest  on 
two  contact-blocks  at  the  same  time.  This,  of  course,  entirely 
prevents  sparking,  but  it  is  generally  quitfi  inapplicable,  as  it 
necessitates  a  temporary  cessation  of  the  current  as  it  is  moved 
&om  one  contact-block  to  the  next. 


Flag. 
Becond.  Each  contact-block  may  be  made  double,  and  the 
two  portions  separated  by  a  resistance-coil,  as  proposed  by  Sir  W. 
Thomson.  With  this  arrangement,  the  sliding  contact-maker 
always  touches  at  least  one  of  the  contact-blocks,  and  when  it 
touches  two  simultaneously,  the  nest  cell  being  added  to  the 
circuit   h   not-   short-circuited,  but   has   its   circuit   temporarily 
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closed  through  a  resistance  which,  although  small  compared  with 
the  total  resistance  in  circuit,  is  large  compaxed  with  that  of  a 
single  accumulator.  This  arrangement  answers  well,  but  has  the 
effect  of  making  the  commutator  \ery  elaborate  and  coBtly,  as 
there  must  be  as  many  of  these  small  resistance-coils,  each  of 
thick  German  silver  wire,  aa  there  are  accumulators  rei]uired  to 
be  added  or  substracted  from  the  circuit. 

Tliird.  Instead  of  making  each  stationary  contact-block  double, 
the  eliding  contact-maker  may,  as  arranged  by  my  colleague  and 
myself,  be  made  double,  and  the  two  portions  joined  by  a  piece  of 
short  thick  Gennan  silver  wire.  This  is  shown  symbolically  in 
Fig.  4. 

The  sliding  contact-maker,  consisting  of  the  two  parts  M,  and 
M„  joined  by  a  resiBtence-coil  of  a  short  thick  bit  of  German 
silver  wire,  r,  is  so  made  that  the  foremost  piece,  Mj,  touches  the 
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second  contact-block,  C„  before  the  other  part,  M„  leaves  C^ 
hence  there  is  never  any  interruption  in  the  current;  and,  aa  the 
distance  between  C,  and  C,  is  greater  than  the  width  of  Mi  or  Mj, 
neither  M,  nor  M,  can  rest  simultaneously  on  two  stationary 
contact -blocks,  hence  an  accumulator  cannot  be  short^ircuiled. 

Fourth.  But  probably  the  following  arrangement  that  we  also 
employed  is  still  better,  since  with  this  arrangement  no  siiecial 
resistasce-coil  is  employed. 

The  room  or  building  in  which  there  are  incandescent  lamps 
is  wired  as  shown  in  Fig.  5,  Ci,  Cj.  and  C^  being  the  contact-blocks 
as  before,  and  M,  and  JM,  the  two  portions  of  the  sliding  contact- 
maker;  and  it  will  be  seen  from  Fig.  5  that  the  resistonce-coit 
connecting  M,  and  il,  is  replaced  hy  the  whole  of  one  of  the  leads 
going  to  the  lamps. 
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Another  device  we  found  necessary  at  that  time  to  adopt  arose 
from  the  early  forms  of  the  Faure's  accumulatora  not  having  tlie^ 

vitro      ttnnll     r^oittnn**^     orn^iiYrtitltttrtru     l»n\'*>      nt      tir^cfanf       AnH       ttifl     ^ 


very  fitnall  resistauce  aeciimitiatori)  lia^'e  at  present,  and  the 
iieeessity,  in  conspquence,  of  using  several  seta  of  cells  in  paralUl. 
Now,  if  it  be  desired  to  add  Muccessively  groups  of  cells  in  parallel, 
the  natural  mode  of  joining  them  up  as  is  shown  in  Fig.  6,  wluch 
represents  one  end  of  a  collection  of  celLs,  A,  B,  C,  I>,  eU-., 
arranged  3  in  parallel,  aud  any  number,  not  shown  in  the  figure, 
in  series.  But  with  this  arrangement,  if  the  electro-motive  force 
of  any  one  cell  (say,  E)  for  some  reason  falls  below  that  of  eithi 
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of  the  two  cells  D  or  F,  in  parallel  with  it,  these  cells  will  certainlj 
discharge  themselves  through  E  when  the  cells  are  standing  idle,1 
and  may  even  do  this  when  the  cells  are  being  used. 

To  avoid  this  happening,  it  is  necessary  that  the  cross-conne 
tions,  a  b  c,  d  e  f,  should  each  only  be  made  when  absolutely 
necessary,  and  that  only  one  of  such  cro5s-connections  should  he 
made  at  one  time.     This  result  may  he  obtained  by  connecting  — 
the  corresponding  cells  in  each  of  the  rows  A  B  C,  D  E  F,  etc.,^ 
with  consecutive  stationary  contact-blocks  of  the  commutator,  and 
using  a  single  movable  contact-maker  which  is  large  enough  to 
touch  at  the  same  time  as  many  of  the  stationary  contact-blocL 
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as  there  are  rows  of  cells  used  In  parallel  circuit.  If  tben  tbe 
contact-piece  be  moved  on,  the  additional  set  of  cells,  A  E  C  or 
D  E  F,  is  added  to  or  subtracted  from  each  of  the  rows  cell  by 
cell,  and  at  no  time  is  tbe  circuit  broken  or  a  cell  short-circuited. 
This  arrangement  is  shown  in  Figs.  7  and  8,  where  there  are  five 
groups  of  cells  in  parallel,  and  a  number,  not  seen  from  the  figure, 
in  series.  P  is  an  arm  carrying  four  contact-pieces  which  are  all 
electrically  connected  together,  so  that  they  form  one  large  contact- 
piece,  but,  in  order  that  the  contact  shall  be  good,  they  are  pressed 
down  by  independent  springs.  They  touch  five  contact-blocks, 
and  the  arm  P  is  shown  in  one  of  the  positions  it  would  occupy 
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while  a  change  was  being  made  in  the  number  of  cells  in  series. 
If  the  contact-blocks  1,2,  3,  4,  5  only  were  touched  by  the  contact- 
[>ieces,  all  the  cells  shown  in  X  would  he  in  circuit.  'When,  how- 
ever, it  LB  4,  5,  6,  7,  and  8  which  are  being  touched,  the  cells  A,  B, 
C  are  no  longer  in  circuit,  the  cells  I)  and  E  being  the  only 
rtmaining  ones  of  the  group  that  are  so;  and  those  cells  which 
are  not  in  circuit  cannot  possibly  discharge  through  one  another, 
aa  tbey  might  otherwise  probably  do,  from  small  differences  in 
their  electro-motive  forces. 

Hence,  although  the  cells  may  be  charged  and  discharged  in 
iKirallel,  corresponding  cells  in  the  various  rows  are  not  connected 
together,  except  irben  they  are  terminal  cella  of  a  set\e6,aQ4  e^ca 
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then  they  are  only  connected  together  on  one  side,  bo  that  all 
wasteful  discharging  of  good  cells  through  others  which  may  ha? 
a  lower  electro-mofive  force  is  totally  avoided, 

t  may  mention  that  with  all  these  commutators  a  locking 
arrangement  for  the  handle  was  added,  so  that  it  was  made  impos- 
sible to  leave  a  handle  in  a  wrong  position.  This  locking 
simply  effected  by  a  small  roller,  carried  by  the  moving  banc 
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being  pressed  down  by  a  epring  on  a  rail  formed  of  a  series  of  hills 
and  hollows,  the  handle  having  therefore  a  strong  tendency  to 
move  to  and  rest  in  a  position  in  which  the  roller  ia  in  the  botto: 
of  one  of  the  hollows. 

The  plan  of  starting  the  gas-engine  by  accumulators,  referred 
to  by  Sir  David  Salomons,  and  which  was  originally  suggest' 
dj-  Sir  WilJmm  Thomson,  baa  been  em\i\o-3e4  re^Wly  by 
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colleague  and  myself.  Oui-  experience  is  not  quite  that  given 
by  Sir  David  Salomons,  namely,  that  it  is  mainly  with  a  high- 
resistance  armature  that  the  difficulty  occurs  in  aparking,  and 
that  it  does  not  occur  with  a  low -resistance  armature.  We  have 
used  accumulators  for  starting  a  gas-engine,  which  worked  both 
an  Edison  dynamo  and  a  Biirgin  dynamo.  The  Edison  armature 
had  a  much  lower  resistance  than  the  Biirgiu  armature ;  but  when 
matters  were  not  properly  arranged  for  the  jiarticular  case,  as 
much  sparking  occurred  with  the  one  as  with  the  other.  The 
way  to  get  over  the  difficulty  we  found  to  be  this.  (They  were 
both  shunt  machines.)  Tlie  dynamo  baving  to  be  used  as  a  motor 
when  you  are  starting  the  gas-engine,  the  first  thing  to  be  done 
is  to  set  the  brushes  of  the  dynamo  for  a  motor,  not  for  a  dynamo, 
for  the  lead  has  to  be  made  quite  different  for  a  motor  from 
what  it  has  to  be  for  a  dynamo.  Then  the  armature  having  an 
titremely  small  resistance,  compared  with  that  of  the  tield- 
iaagnet£,  it  follows  that  if  the  accumnUtors  be  simply  connected 
with  the  shunt-machine,  as  ordinarily  connected  up,  there  will 
be  an  enormous  current,  through  the  armature,  and  practically 
none  through  the  field-magnet  aa  long  as  the  motor  has  not 
got  up  speed.  To  avoid  this  wo  proceeded  as  follows : — Firat, 
the  accumulators  were  attached  to  the  field-magnet-circuit  alone, 
for  the  purpose  of  magnetising  the  lio  Id -magnet.  Then  the 
iirmaturo  in  series  with  an  auxiliary  resistance-coil  was  intro- 
duced parallel  -with  the  field-magnel>coil.  And,  lastly,  when 
the  ajieed  had  got  up  to  a  certain  amount,  so  that  the  E.W.F. 
of  the  motor  became  equal  to  that  of  the  accumulators,  shown 
by  no  current  passing  either  way  through  the  ammeter  in  the 
main  circuit,  the  resistance  in  series  with  the  armature  was 
»hort-circuited,  and  the  lead  of  the  brushes  altered  as  the 
machine  began  to  act  as  a  dynamo. 

Of  course  the  whole  of  these  alterations  conid  be  effected 
simply  by  a  motion  forward  of  a  handle,  when  it  was  desired 
that  the  accumulators  should  work  the  machine  as  a  motor  and 
start  the  gas-engine;  or  backwards,  when  the  shunt-macliine  was 
to  act  as  a  dynamo  and  charge  the  accumulators.  But  time  will 
J  not  allow  me  to  go  Tiirther  into  tie  actual  conatructVon  ol  tViese 
)    manf  devices  thai  we  employed. 
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Mr.  Cromptos:  This  paper  is  of  iinijortance,  as  it  contains 
much  nsefiil  infonnalion  on  the  subject  of  working  dynamo 
machines  and  accumulators  in  jiarallel  circuit.  Such  au  arrange- 
ment Bcems  to  be  singularly  well  ailapte-l  for  tlie  lighting  of  large 
country  houses;  and  we  are  much  indebted  to  Sir  Daviil  Salomons 
for  bringing  before  us  some  of  the  somewhat  difficult  problems 
which  present  themselves  in  -working  out  what  at  first  sight  would 
seem  to  be  a  very  simple  matter. 

The  fact  that,  if  a  country  house  is  worked  by  the  direct  system 
(i.e.,  without  the  aid  of  accumulators),  it  is  necessary  for  the 
engine-driver  or  attendant  in  charge  to  sit  up  with  the  machinery 
the  whole  of  the  time  that  the  light  is  required  in  the  house, 
limit*  each  installations  to  those  gentlemen  who  can  afford  the 
luxury  of  such  a  special  attenilant.  Granted,  therefore,  that 
accumulators  are  very  desirable,  there  are,  as  pointed  out, 
two  ways  of  using  them.  The  first  and  extremely  simple  plan 
of  working  the  engine  to  chai'ge  the  accumulators  during  the 
daytime,  so  that  when  they  are  thoroughly  charged  the  attendant 
can  disconnect  the  dynamo  from  the  accumulators,  switch  the 
latt«r  on  to  the  house-circuit,  stop  his  engine,  and  go  home.  For 
tliis  arrangement  the  accumulators  must  be  of  sufSeient  capacity 
to  supply  sufficient  cm-rent  during  the  total  number  of  hours  that 
the  house  is  likely  to  be  lighted,  and  the  engine  and  dynamo 
must  be  of  sufficient  jxiwer  to  charge  these  accumulators  during 
non-lighting  hours. 

The  second  arrangement  is  that  which  is  the  subject  of  the 
present  paper,  in  which  the  engine  and  dynamo,  each  of  them  by 
themselves  capable  of  doing  only  half  the  lighting,  are  worked 
parallel,  thus  considerably  reducing  the  first  cost  of  the  whole 
plant,  as  compared  with  that  of  the  first  arrangement.  Now  the 
merit  of  the  first  arrangement  is  its  extreme  simplicity,  bo  that 
it  is  easy  to  teach  an  unskilled  person  (such  as  an  intelligent 
under-gardenor)  to  work  it;  but  I  think  the  author  has  shown 
conclusively  that  although  the  second  arrangement  will  be  con- 
siderably cheaper  to  instal  in  the  first  instance,  yet  that  the  com- 
plications theriiby  introduced  are  so  great  that  there  will  be 
difflcultj  in  providing  sufficiently  skiUed  attendance.  Tliere  are  few 
oases  where  in^fallalioc^  couW  \ia\e  &vn;\\  6VCi\e;4  altWtvtxQia  ^xXiii*, 
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described  by  the  author.  He  himself  is  a  skilled  electrician;  he  is 
always  on  the  spot,  and  iible  to  watch  the  complicated  phenomena 
which  he  has  described  tliia  evening.  I  therefore  contend  that 
tbe  difficullies  of  this  problem  must  be  met  by  eome  very  simple 
device,  and  I  think-  that  those  suggested  by  the  author  tmrdly 
fulfil  this  condition. 

Before  I  commence  to  criticise  hi?  methods,  I  wish  to  point  out 
in  few  words  the  main  difficulties  we  have  to  meet.  As  the  author 
has  pointed  out,  it  is  the  best  practice  to  charge  your  acoumulator- 
cells  with  a  current  of  E.M.K.  considerably  exceeding  the  total 
E.M.F.  of  the  whole  of  the  cells — that  is  to  say,  of  the  working  as 
well  as  the  reserve  cells — when  fully  charged.  Putting  this  into 
figures,  if  we  desire  to  work  110  volt  lamps,  we  require  55 
working  cells  and  5  reserve  cells,  60  cells  in  all;  the  counter 
E.M.F.  of  these  being  150  volts.  And,  when  charging  accumu- 
lators for  the  first  or  simple  system,  we  fiud  that  although 
150  volts  would  be  amply  siifficient  to  drive  a  fair  charging 
current  through  the  cells  during  the  early  jiortion  of  the 
charge-,  yet  when  the  counter  E.M.F,  has  mounted  up  to  its 
maiimmn  point,  a  greater  E.M.F.  (say,  180  volta)  is  very 
desirable,  in  order  to  finish  the  charge  quickly.  If,  therefore,  we 
wish  to  work  on  the  second  or  parallel  system,  we  must  have  a 
dynamo  machine  which  must  work  at  three  different  degrees  of 
E.SLF. — at  150,  at  180,  and  finally,  if  coupled  in  circuit,  to  work 
in  parallel  with  the  lamps  at  1 10  volts.  One  way  of  meeting  this 
difficulty  is  to  supply  an  estra  large  dynamo,  having  a  powerful 
magnetic  field,  and  by  introducing  a  rheostat  into  the  exciting 
circuit,_to  therebj'  vary  the  exciting  power  and  strength  of  the 
magnetic  field,  so  as  to  get  a  sufficiently  wide  range  of  E.M,F. 
given  off  at  the  brushes  of  the  machine.  It  will  be  seen,  however, 
that  this  is  a  somewhat  wasteful,  and,  at  any  nte,  an  expensive 
arrangement,  A  simpler  plan  is  to  vary  the  speed  of  the  steam-  or 
gas^ngine  driving  the  dynamo.  This  can  be  done  by  hand,  but 
far  better  automatically  dj  means  of  an  electric  governor.  Mr. 
Willans,  of  Thames  Ditton,  has  succeeded  in  perfecting  an  electric 
governor  for  driving  steara-enginea,  which  can   be  arranged,  as 

desired,  either  to  maintaiv  a  constant   E.M.F.  between  two  ^Sn^a 
roL.  JJf.  10 
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in  the  circuit  or  a  conatJtnt  current  through  the  main  condnctorB. 
In  the  simple  arrangement  of  charging  the  accmnulators 
aeparatelj,  a  governor  arranged  on  the  latter  principle  would  be 
most  enitable.  Tlie  steam-engine  would  be  automatically  main- 
tained at  a  low  rate  of  speed  during  the  early  part,  of  the  charge, 
and  at  a  somewhat  higher  speed  during  the  latter  part  of  the 
charge,  the  charging  current  remaining  constant  throughout ;  but 
for  the  parallel  arrangement,  the  governor,  which  maintains  a 
constant  E.M.F.  between  any  two  points  in  the  circuit,  would  have 
to  be  uaed.  If  in  Sir  David  Salomons's  case  the  two  ends  of  the 
solenoid  circuit  of  this  governor  were  connected  on  to  the  mains 
at  a  somewhat  ceufral  position  in  the  house  (speaking  electrically), 
— that  is  to  say,  to  such  a  point  that  the  fall  of  E.M.F.  in  the 
varions  branches  due  to  their  resistances  would  be  as  near  as 
possible  equal, — then  I  think  that  this  governor  would  of  itself 
do  all  that  tbe  author  requires.  The  engine  and  the  dynamo 
would  be  automatically  driven  at  the  speed  best  suited  to  supply 
to  the  accumulators  and  to  the  house-circuits  respectively,  each 
such  a  fair  share  of  current,  that  the  central  point  above  mentioned 
would  be  maintained  at  the  desired  E.M.F. ;  and  I  am  hopeful  to 
be  able  to  persuade  the  author  to  make  a  trial  of  a  governor 
arranged  on  this  plan.  ^H 

I  must  now  call  your  attention  to  the  result  of  the  author*^^ 
observations  on  the  effect  of  the  angle  of  lead  of  the  brushes  of 
dynamos  in  connection  with  this  matter  of  parallel  working.  If 
further  eiperimenta  prove  the' author's  assert,ion  that  we  ought 
to  return  to  the  use  of  dynanaos  ha\Tng  a  large  angle  of  lead  of 
brushes,  then  I  must  say  I  think  the  prospect  is  extremely  djscon 
aging  to  myself  and  to  the  other  labourers  in  this  field  who  hav 
been  doing  our  utmost  to  reduce  this  angle  of  lead  by  enormouslj 
increasing  the  strength  of  the  magnetic  field,  and  by  reducing  the 
self-induction  of  the  armature  coils  themselves.  The  author,  ti^M 
prove  hia  point,  has  compared  the  performances  of  one  of  Messrs. 
Siemens's  machines  with  one  of  our  make.  There  is  no  donbt 
that  the  experiment,  as  condacted,  showed  conclusively  that  tha 
charging  current  from  the  dynamo  to  the  cells  showed  greatc 
pulsations  in  the  case  of  oar  macAiiue  tVism  in  that  of  MessraJ 
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Siemens;  and  I  think  I  can  readily  point  ont  the  cause  of  this. 
I  should  here  apologise  to  the  author  for  not  having  informed  him 
previous  to  the  meeting  of  what  I  am  now  going  to  saj ;  but, 
unfortanately,  I  was  unable  to  examint;  the  cbaracteristic  cm've  of 
ihe  machine  made  by  lis  until  quite  recently,  and  after  the  paper 
was  issued.  His  experiments  proceed  on  the  assumjjtion  that 
both  machines  are  worked  in  their  normal  condition  of  strength  of 
ma^etic  field.  Dr.  Hopkinson  has  pointed  out,  here  and  else- 
where, that  there  is  a  particular  point  in  the  characteristic  curve 
of  every  machine  at  which  a  very  small  increase  in  the  exciting 
current  produces  a  great  difference  in  the  strength  of  the  field, 
and  hence  a  vast  difference  of  the  E.M.F.  given  by  the  armature, 
calls  this  point  the  critical  point.  Messrs.  Siemens'a 
machine  was  a  pure  shunt  machine,  with  comparatively  little  iron 
in  the  field-magnets,  which  were  therefore  tolerably  well 
saturated.  Our  machine,  on  the  contrary,  was  a  compound 
machine,  having  the  thick  series-coils  wound  Tieri  the  iron  of  the 
field-magnets,  the  shunt-coils  being  ontsida  them.  At  the 
normal  rate  of  output  at  the  terminals,  little  more  than  half  the 

:citing  power  is  given  by  the  shunt^oils,  the  remainder  being 
given  by  the  series-coils.  At  the  time  the  author  carried  out  hia 
experiments  the  series-coils  were  thrown  out  of  action,  and  the 
field  was  given  entirely  by  the  shiuit-coils.  The  field  was  there- 
fore n  very  weak  one, — in  fact  so  weak  that  it  was  well  on  the 

itical  part  of  the  characteristic, — and  the  E.M.F.  and  current  were 
a  state  of  extreme  instability ;  consequently  every  shght  irregu- 

irity  in  speed  caused  by  the  heat  of  the  engine  was  exaggerated 
the  pulsation  of  the  E.M.F.  and  current.  I  will  not  trespass 
further  on  your  time,  as  I  think  I  have  said  enough  to  show  that 
the  author,  to  prove  bis  point,  must  at  any  rate  work  the  two 
machines  under  condition  of  equal  saturation  of  the  fleld-magnets. 
It  woidd  be  extremely  undesirable  to  return  to  the  use 
of  machines  having  a  large  angle  of  lead.  A  large  angle  of 
lead  means  an  angle  which  varies  with  the  amount  of  cnrrent 
passing  through  the  armature ;  in  other  words,  with  the  output 
of  the  machine.     Therefore  a  machine  so  made  requires  constant 

Etcntion  to  keep  the  brushes  in  the  right  angulat  ■poaiiVoivVo 
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I  wish  to  bring  comfort  to  tiie  minds  of  those  who  are  using-, 
or  about  to  use  gas-engines,  as  the  means  of  driving  ihcjr  electrii 
machinery.  The  author  has,  I  think,  considerably  exaggerated 
the  difficulty  in  getting  steady  lighting  when  gas-engines  are 
used.  I  myself  am  confident  that  if  proper  precautions  are  nse(^| 
there  is  no  difficulty  in  working  incandescent  lamps  direct  from  a 
dynamo  driven  by  a  gas-engine,  without  any  appreciable 
unsteadiness  or  winking  of  the  lights  ;  all  that  is  required  is  that 
the  dynamo  should  run  at  a  high  speed,  and  have  a  heavy  stee^^f 
fly-wheel,  the  periphery  of  whicli  should  run  10,000  feet,  or  nearly 
two  miles,  per  minute.  A  fairly  long  and  slack  belt,  giving  about, 
5  or  6  per  cent,  slip,  should  be  used.  My  opinion  is  corro 
rated  by  Mr.  Holt,  of  Crossley's,  whose  e^tperience  with 
engines  is  second  to  none.  Mr.  Holt  states  that  with  the  above 
[jercentage  of  slip  no  eye  can  detect  the  variation  in  the  light 
due  to  the  beat  of  the  engine.  This  6  per  cent,  slip  does  noi 
mean  6  per  cent.  loss  of  power.  The  loss  is  very  much  less, 
we  take  the  case  of  the  gas-engine  which  I  use  at  my  own  house,^ 
the  gas  required  t«  drive  the  engine  and  dynamo  empty  is  about 
60  cubic  feet  per  hour ;  when  running  with  a  full  load  of  35 
lights,  it  uses  130  cubic  feet  per  hour.  At  this  time  the  loss 
caused  by  the  ahp  is  about  IJ  per  cent. ;  but  if  we  take  the  case 
when  the  engine  is  very  lightly  loaded, — that  is  to  say,  when  she 
is  taking  80  cubic  feet  per  hour, — the  loss,  slightly  increased, 
comes  up  to  about  3  per  cent. 

The  method  of  cross-excitatation  described  by  Dr.  Hopkinsou 
has  already  been  applied  in  several  cases.  Mr.  Gisbert  Kapp  tried 
it  under  my  own  directions,  at  Lord  Randolph  Churchill's,  and  it 
produced  the  desired  eflfect ;  the  difficulty  was  this — that,  as  at  that, 
lime  the  accumulators  were  not  very  perfect,  any  failure  or  short- 
circuits  in  the  cells  that  were  connected  with  the  field-magnets 
circuit  of  the  machine  had  an  exaggerated  effect  on  the  rest  of  the 
circuit,  and  on  this  account  we  were  compelled  to  give  it  up. 

Dr.  J.  A.  Fleming   said   that,   although    many  methods  of 

regulating  E.M.F.  had  been  brought  before  them  in  the  paper 

and  discussion,  he  had  failed  to  hear  mention  of  one  which,  .is 

a  device  of  Mi.  Edison's,  deserved  a  moment's  notice.     In  Ibis 

p/an  a  bigh-resistsnce  relay  was  \i\aced  aciQas  W\e  rai^XA^On^t 
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aimatare  lever  working  between  two  stops,  'WTien  the  E.M.F.  in 
the  circuit  was  too  high,  it  pulled  tlie  armature  over  against  one 
etop  and  closed  a  local  circuit  which  operated  a  motor  bo 
arranged  as  to  move  gearing  which  introduced  resistance  into  the 
field-circuits.  By  this  means  the  magnetic  fields  of  the  dynamos 
were  diminished  in  strength,  and  the  E.M.F.  brought  down  to 
its  normal  amount.  If  the  E.M.I'',  fell  below  this,  the  relay 
annatare  was  pulled  over  by  a  spring  against  the  opposite  stop, 
and  closed  another  circuit  which  operated  a  reverse  motor  and 
took  resistance  oat  of  the  field-circuits.  Although  the  device 
acted  well  enough  to  meet  the  case  when  lamps  were  steadily 
thrown  in  or  out  of  circuit,  it  did  not  respond  readily  enough  to 
meet  or  cover  sudden  variations  in  speed  in  the  engine.  It  had 
been  found  preferable  in  New  York  to  abandon  the  relay  and 
motors,  and  substitute  an  attendant  and  a  galvanometer.  This 
proceeding  reminded  him  of  the  experience  of  an  astronomer 
who,  having  failed  to  obtain  a  perfect  heliostat  worked  by 
mechanism,  had  at  last  substituted,  with  advantage,  for  clock- 
work a  tittle  boy ;  and  it  was  not  improbable  that  the  best  method 
of  regulating  in  central  stations  would  be  found  to  be  to  abandon 
mechanism,  and  govern  by  resistance  introduced  or  removed  from 
the  field-circuits  bj  the  aid  of  a  delicate  voltmeter  and  a  little  boy. 

Mr.  Geobge  S.  Corlrtt  :  First  of  all,  I  ought  to  explain  that 
t  represent  Mr,  Sydney  Walker,  of  Cardiff,  who  is  unable  to 
attend.  On  his  behalf  I  should  like  to  offer  one  or  two  remarks 
on  the  paper  we  have  heard  this  evening. 

It  seems  to  me  that,  nest  to  steadiness  of  light,  simplicity 
and  economy  are  the  most  important  considerations.  In  many 
instances  the  complication  and  expense  involved  by  the  use  of 
either  accumulators  or  a  second  dynamo  would  be  an  effectual 
bar  to  their  introduction. 

Mr.  Walker  has  invented,  and  bis  firm  have  worked  out,  two 
remarkably  simple  automatic  regulating  apparatus,  which  it  is 
believed  will  do  all  that  is  required  towards  maintaining  the 
current  and  E.M.F.  constant,  without  having  recourse  either  to 
accumulators  or  an  additional  machine.  These  iuatrumetAs, 
models  of  which  Ue  on  the  table,  have  been  subjected  to  a  niurfew 


IBO  ON  CONSTANT  ELECTEO.MOTIVE  FOECE.  Etc,     [Mar.  Iglh. 

of  experimental  tests,  and  from  the  datii  thereby  obtained  the 
above  conclusion  is  arrived  at. 

The  tirst  regulator,  which  is  also  designed  to  take  the  place  of 
fusible  ciitniuts,  opens  an  additional  path  of  variable  resistance 
to  the  circuit,  allowing  of  the  ^wtssage  of  a  portion  of  the  current 
on  the  arrival  of  an  excess  E.>LF. 

An  electro- magnet,  which,  can  be  connected  either  in  circuit 
with  the  work  or  in  derivation,  and  may  be  constructed  either 
with  a  solid  core  or  in  the  solenoid  form,  has,  facing  its  pole  and 
carrying  its  armature,  a  lever  pivoted  at  some  convenient  point. 
At  one  end  of  this  lever  is  an  adjustable  spring,  the  other  carries 
a  cai'bou  point.  Opposite  this  latter  in  fixed  a  second  carbon 
point,  to  which  is  connected  an  adjustable  resistance  such  as  an 
incandescent  lamp. 

On  the  arrival  of  an  E.M.F.  slightly  above  the  normal,  the 
electro-magnet,  becoming  more  powerful,  pulls  the  movable 
carbon  into  light  contact  with  the  fixed  one,  thereby  opening  a 
very-high -resistance  shunt  to  the  circuit,  since  the  carbon  ^»int« 
are  not  firmly  connected  and  so  ofifer  a  considerable  resistance, 
and  the  lamp,  as  only  a  small  current  is  passing,  will  have  its 
cold  resistance,  or  very  nearly  so.  f^hould  the  E.M.F.  still  further 
increase,  or  a  greater  one  arrive,  the  magnet  imllsi  the  carbons 
into  firmer  contact,  thus  lowering  their  resistance,  and  as  now  a 
larger  current  is  passing  tLrough  the  shnnt,  the  lamp  being 
warmed,  its  resistance  will  be  very  considerably  reduced, 

Wlien  the  E.M.F.  fulls  off  again,  the  reverse  takes  place.  The 
magnet,  being  weaker,  presses  the  carbon  points  less  firmly 
against  each  other,  thus  throwing  in  the  shunt  path  an  increased 
resistance,  bo  decreasing  the  quantity  of  current  [lassing  through 
the  incandescent  lamp,  and  thus  increasing  its  resistance,  and 
so  as  the  E.M.F.  falls  to  the  normal,  the  carbons  are  in  less  and 
less  firm  contact,  till  when  the  E.M.F.  reaches  the  normal  the 
carbon  points  are  disconnected. 

The  ever-varj-ing  changes  in  a  brush  circuit  are  very  beantifrilly 
shown  by  this  instrument. 

It  will  be  seen  that  the   regulation  of  the  apparatus  is  unde 
perfect  control,  and  can  be  multipVicd  ad  i-ujlmlum. 
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Tlie  tension  of  the  spring  can  be  adjusted  so  as  to  pull  np  at 

tay  desired  percentage  of  increase.     The  carbon  contacts  may  be 

considerably  varied,  or  they  may   compress  a  column  of  carbon 

dust.     Also  the  number  of  incandescent  lamps  may  be  increased. 

Two  regulators  may  be  set  to  work,  one  against  the  other,  one 

pulling  up  at,  say,  from  1  per  cent,  to  5  per  cent.,  and  the  other 

ora  5  per  cent,  to  10  per  cent.,  and  so  on. 

The  8eJ3ond  regulator  is  very  much  the  same  as  t.he  one  I  have 
iriefly  described,  except  that  in  this  case  the  carbons  are  reversed 
and  form  part  of  the  circuit  to  be  regulated.  We  Lave  the 
electro-magnet,  lever,  adjustable  spring,  and  carbon  contacts. 
The  spring  opposes  the  action  of  the  magnet  and  tends  to  keep 
e  carbons  in  hard  contact.  On  the  arrival  of  an  increased 
"E.M.F.  the  magnet  tends  to  separate  the  carbons,  thus  throwing 
an  artificial  resistance  into  the  circuit.  This  form  of  regulator, 
which  can  be  made  very  sensitive,  is  well  adapted  for  installations 
where  the  motive  power  is  a  gas-engine,  as,  despite  the  excellent 
results  detailed  by  Jlr.  R.  E.  Crompton,  gas-enginea,  putting  it 
in  a  mild  form,  are  occasionally  knovra  to  vary  their  speed. 
I  Though  in  this  instrument  it  has  not  been  thought  necessary 
to  provide  for  a  lowering  of  E.M.F.,  yet  it  will  readily  be  seen 
that  a  very  simple  arrangement,  such  as  allovring  a  spring  to 
compress  a  column  of  carbon  dust  or  a  series  of  plates,  will  do  all 
at  is  required  in  that  direction. 

These  regulators  can  be  used  at  any  part  of  the  circuit,  and, 
desired,  any  number  can  be  inserted  at  different  places.  They 
also  ]»rovide  against  such  accidents  as  the  engine  running  away, 
,  and  also  take  the  place  of  fiisible  cutnjuts,  which,  if  electricity 
is  to  become  a  household  matter,  laid  on  as  gas  is  at  present,  will 
hardly  come  into  general  use.  People  will  not  care  to  have  all 
their  lights  cut  off  at  a  moment's  notice,  on  account  of  some  slight 
fault  outside  or  at  the  machine. 

Sir  Divrn  Salomons:  I  am  pleased  to  find  that  my  paper 
has  been  so  favouraby  received,  and  in  reality  there  are  but  two 
speakers  who  Iiave  attempted  to  rnake  a  hit  against  any  of  the 
points  therein  contained.  However,  I  will  consider  each  speaker 
his  turn,  and  attempt  to  reply  satisfactorily  to  everj  poiiA  ■mlvae.i. 
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I  do  not  deem  that  any  further  remarks  are  required  on  in;^| 


part  in  answer  to  the  observations  made  by  your  President,  Dr. 
Hopkinaon,  Professor  Grylls  Adams,  and  one  or  two  other 
speakers.  I  feel  it,  however,  desiriible  to  reply  fully  to  Professor 
Forbes,  Mr.  Crompton,  and  Professor  Ayrton. 

Many  speakers  have  referred  to  a  ]ioint  in  my  paper  whic 
says  that  for  a  fall  of  the  speed  in  the  dynamo  the  KJH.K.  rises, 
Thia  must  not  be  taken  literally  by  itself.  It  must  not  be  su 
posed  that  there  is  a  sudden  variation  of  the  E.M.F.  for  a  sudden 
variation  in  the  speed  of  the  dynamo,  but  that  these  proeesse> 
go  on  continuously  and  gnidually;  and  it  will  be  noted  that 
throughout  the  paper  the  changes  are  spoken  of  as  mome 
Therefore,  when  the  speed  falLf,  and  the  K.JM.F.  with  it,  and  th 
current  is  consequently  diminished,  there  is  a  momentary  rise  o: 
E.M.K.,  and  before  any  further  fall  occui's  the  irregularity  in  the 
motion  of  the  motor  has  probably  vanished,  and  all  this  befo: 
time  will  allow  the  temperature  of  the  lamp  filaments  to  va 
appreciably.  It  is  possible  that  regulation  by  means  of  a  motor 
is  not  as  completely  novel  as  I  imagined  it  to  be.  .Still,  I  believe 
that  no  one  hitherto  has  given  any  special  attention  to  the  subjec 
and  worked  it  out.  with  a  view  of  bringing  it  into  practical  uaew] 
Some  speakers  have  stated  that  fly-wheel  power  in  itself  would  b 
sufficient  to  obtain  steadiness  from  an  irregular  motor.  The  loss, 
however,  would  be  too  great,  were  this  method  employed  except 
in  very  small  installations.  .Some  speakers  have  already  replieil 
to  a  few  objections  which  have  been  raised,  so  I  will  only  confini 
myself  to  such  points  as  have  not  been  cleared  up  already. 

Professor  Forbes  has  given  you  an  elaborate  set  of  formnl. 
which  are  decidedly  interesting,  but  equally  unpractical.  Tb 
retically,  I  admit  them,  every  one;  but  in  practice  they  cann 
be  conveniently  api)licd,  and  my  very  object  has  been  to  placi 
before  you  a  practical  method  for  ascertaining  various  resul 
where  accumulators  are  userl  in  an  electric-light  installation, 
And  I  think  if  you  were  to  look  through  my  paper  aj 
carefully,  you  would  find  that  this  baa  been  fairly  me 
Thia  gentleman  also  refers  to  an  apparatus  which  he  term: 
"voUameter,"'  aaA  I  hope  on  some  future  occasion  that  we  sb: 
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hear  more  about  it,  for  at  present  1  cannot  see  its  application 
eseept  ia  a  very  small  iniitallation.  Man;  gentlemen  have 
referred  to  their  having  observed,  in  cases  where  two  dynamos 
are  working  in  parallel,  that  if  one  should  give  a  higher  E.M.F. 
than  the  other,  causing  it  therefore  to  work  as  a  motor,  certain 
advantages  were  at  once  obtained.  I  must  here  jjoint  out 
that,  unless  the  conditions  which  1  hiive  mentioned  in  the 
pajier  eii^t,  the  regulation  BfH>ken  of  cannot  exist  —  that 
is  to  Bay,  that  the  speed  of  a  dyniirao  running  as  a  motor 
tntist  be  absolutely  constant.  A  grt-at  deal  has  been  said 
ihifi  evening  against  the  use  of  au  accumulator— that  bo  many 
methods  now  exi^t  by  which  perfect  steadiness  may  be  olstained 
without  their  use.  Let  me  ask  you,  then,  why  should  there  be 
now  such  a  much  greater  activity  in  the  market  for  accumulators 
simply  to  use  as  regulators,  and  not  for  use  as  storage,  if  the 
methods  spoken  of  were  so  very  perfect  ?  I  admit  that  accumu- 
lators are  not  desirable  in  very  large  installations,  such  as  might 
exist  for  the  public  supply  of  tlie  electric  bgbt,  but  except  in 
these  co-ses  their  use  is  extremely  desirable,  and  when  employed 
for  regulating  only  there  is  practically  no  loss  of  jtower. 

Professor  Ayrton  has  referred  to  that  portion  of  my  paper 
dealing  with  the  starting  of  the  gas-engine  by  means  of  the 
cells.  Although  he  appears  to  doubt  my  remarks,  I  must  point 
out  that  he  really  coufirms  me — that  is  to  say,  he  states  that, 
by  shifting  the  brashes  and  inserting  a  resistance,  qiarkiug  may 
be  prevented  at  the  start.  Tliis  is  true  enough,  but  it  must 
be  borne  in  mind  that  dynamos  whose  armatures  have  a  very 
Email  resistance— namely,  whose  brushes  rei|uire  a  very  small 
lead  (as  at  present  constructed) — have  the  lead  practically  set  to 
run  as  motor  or  dTuamo  for  a  short  time,  and  therefore  do  not 
perceptibly  spark  at  starting.  It  must  also  be  remembered 
that  electrical  currents  act  very  much  in  the  same  way  as  what  is 
termed  *'  force "  on  matter,  and  that  such  a  thing  as  electrical 
inertia  may  be  said  to  exist ;  and  some  writers  make  use  of  this 
expression.  Professor  Ayrton  has  further  shown  you,  although  a 
little  apart  from  the  matter  in  hand  this  evening,  some  excellent 
ways  of  shifting  cells  in  and  out  of  circuit,  without  y^^^ft  ^'^'3 
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on  aliort-circuit.  Let  me  also  call  your  atteDtion  to  an  excellent 
BwiLf^h  made  by  Messrs.  Siemens,  where  the  last  break  is  made 
off  two  farbon  pencils,  so  that  the  metal  part  of  the  switch  is 
in  no  way  bnrat ;  and  if  the  carbon  pencils  are  made  of  proper 
length  it  is  possible  that  they  may  even  be  used  for  inserting  a 
resistance  in  the  circuit  as  well. 

Mr,  Crompton  ia  rather  hard  on  the  use  of  accumulators,  for 
he  says  that  they  are  only  essential  in  all  country-house 
installations,  unless  a  man  is  a  Crcesus,  and  can  afford  to  keep  a 
man  running  the  engine  all  day  and  all  night,  so  that  at  no 
time  should  it  be  possible  that  a  single  lamp  anywhere  cannot 
be  lit.  But  I  can  testify  to  the  fact  that  if  two  men  were 
employed,  one  for  day-work  and  one  for  night,  it  would  be  cheaper 
than  ftccnmulators ;  because  at  those  hours  when  few  lights  only 
are  likely  to  be  required  a  very  small  engine  and  dynamo  could 
be  kept  running,  and  the  larger  installation  put  to  work  during 
the  grand  lighting  hours.  Now  the  dynamo-regulator  and 
motor-regnlatcr  of  which  I  have  spoken,  you  must  easily  see, 
can  be  applied  with  great  facility  in  most  factories,  where  the 
trouble  of  having  an  accumulator  is  considered  undesirable,  and 
where  the  electrical  governor  would  also  be  undesirable,  as  it 
might  upset  the  general  machinery  in  the  establishment — in 
other  words,  perhaps  an  engine  of  500  horse-power  would  have  to 
be  controlled  by  an  electrical  governor  for  the  sake  of  running, 
say,  five  or  sis  arc  lights.  I  agi-ee  that  an  electrical  governor  is 
an  excellent  apparatus,  although  a  dehcate  one,  but  that  where 
accumulators  are  used  it  is  not  always  desirable  to  have  one 
in  autiou.  I  have  had  the  satisfaction  of  seeing  his  installation, 
although  1  had  no  opportunity  at  the  time  of  testing  carefully 
the  steadiness  of  the  light ;  but  apparently  it  was  steady.  I  use 
an  extremely  severe  test,  which  is  perhaps  more  delicate  than 
any  photometer  or  other  instrument  at  present  in  use — i.e.,  take  a 
piece  of  white  paper  with  some  writing  on  it,  lit  up  by  the  lamps 
which  have  to  be  tested,  and  stare  very  hard  at  it.  You  will  at 
once  observe  the  slightest  flicker  in  the  light.  The  action  is 
practically  as  follows: — The  effort  of  staring  at  the  paper  is  an 
attempt  to  fix   the  iris   of  the   eye,  and  any   variation   in   the 
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Ught  causes  this  orgnn  to  feel  the  change,  because  of  the 
n&toral  tendency  for  the  opening  to  alter  its  diameter.  It  has 
been  pointed  out  that  the  Crompton  l-l-unit  machine  is  a  com- 
pound machine,  with  the  aeries  wire  cut  out  so  that  the  field- 
magnets  are  only  excited  at  a  point  very  much  below  what  they 
should  be.  This  may  be  so  or  may  not,  for  this  machine  was 
built  to  special  order,  bo  that  there  should  be  sufBcient  shunt 
wire  on  the  coils  that  it  might  act  as  a  pure  shunt  when  required, 
but  that  when  working  compound  a  resistance  of  eleven  or  twelve 
ohms  must  be  inserted.  I  therefore  believe  that  when  working 
as  a  simple  shunt  the  field-magnets  are  fairly  excited.  The 
Siemens  machine  referred  to  was  built  about  the  end  of  1884,  m 
that  it  cannot  be  described  as  an  old-fashioned  machine,  although 
certainly  it  may  come  under  the  denomination  of  an  old  type ; 
and  although  I  would  give  the  prize  for  non-sparking  to  the 
Crompton  machine  (for  when  the  brushes  are  properly  set  there  is 
absolntely  no  sign  of  it),  still  the  Siemens  machine  runs  with 
scarcely  any  appreciable  sparking  from  a  few  amperes  to  over  100. 
ce  there  is  no  necessity  to  be  so  very  harsh  on  this  type, 

A  few  objections  have  been  raised  to  my  method  of  placing 
variable  resistances  in  the  shunt-circuit,  as  likely  to  destroy  the 
proportions  of  the  machine  and  cause  it  to  work  badly,  either  by 
sparking  at  the  brushes,  or  by  destroying  its  curve,  or  in  some 
other  manner.  This  in  practice  is,  however,  quite  erroneous,  for  the 
amount  of  resistance  which  is  inserted  to  obtain  the  desired  end  i^ 
iremely  small  as  compared  with  the  resistance  of  the  shunt-coils, 

I  believe  that  I  have  now  replied  to  all  the  points  which  have 
been  raised  by  the  various  speakers,  and  hope  that  the  replies  are 
satisfactory  in  your  judgment. 

A  ballot  then  took  place,  at  which  the  following  were  elected, 
and  the  meeting  was  adjourned  until  26th  March : — 
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Associates  : 
Artiiur  M'ilfred  Brewtnall.    ]      Julius  Maier,  Ph.D. 


Sbtdent-a : 

Oswald  M.  Andrews.  I    Frederick  W.  Anthony  Knight, 

win  John  Merlet  Clapham.    j   Bobert  Walter  AlndexVWV. 
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Mascart  IJS.  E.J    Traite  d"Electricitfi  Slatitvue.     2  vola.   Svu.      Parii,  18 


J 

-8tn 

1884^ 


ACCESSIONS  TO  THE   LEBEABT. 


157 
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By  Thomas  H.  Blaresley. 

Some  short  time  ago,  in  the  discussion  upon  Dr.  Hopkinson'a 
piper  upoD  alternating  currents,  I  gave  the  geometrical  Bolution 
of  a  problem,  into  which,  unfortunately,  an  error  was  unwittingly 
introduced.  The  problem  related  to  the  action  of  a  condenser 
employed  to  bridge  a  circuit  in  which  a  generator  of  harmonically 
varying  electro-motive  force  is  at  work,  in  modifying  the  resulting 
cairents. 

The  circuit  is  divided  by  the  poles  of  the  condenser  into  two 
portions,  one  containing  the  generator,  the  other  called  the 
remote  section. 

Each  section  has  its  own  proper  resistance,  and  may  have  its 
oura  coefficient,  of  self-induction. 

So  far  as  the  cases  in  which  the  remote  section  has  no  coeffi- 
cient of  self-induction  are  concerned,  the  conBtructions  given  on 
the  occasion  mentioned  are  correct ;  but  when  there  is  a  coefficient 
of  self-induction  in  the  remote  section,  a  modification  is  required, 
which  I  de^re  to  furnish  in  correction  of  the  construction  then 
given.     The  problem  may  be  succinctly  stated  as  follows  : — 

A  generator  of  a  harmonically  varying  electro-motive  force  of 
period  2  T  operates  in  a  circuit  of  resistance  r  +  li,  r  including 
the  generator,  and  G  being  the  remote  section.  At  the  junctions 
of  the  sections  are  situated  the  poles  of  a  condenser  of  capacity  C. 
It  is  required  to  give  a  geometrical  construction  showing  the 
relative  magnitudes  of  the  three  electro-motive  forces,  viz.,  the 
effective  electro-motive  forces  in  each  section  and  the  electro- 
motive force  of  the  generator,  when  the  sections  represented  by 
T  and  B  respectively  have  coefficients  of  self-induction  of  the  value 
I  and  L  respectively ;  and  also  the  relative  phases  in  which  these 
electro-motive  forces  are  related  to  each  other. 


ISO 
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T&ke  any  Btiaight  line,  EC,  to  represent  the  eEfective  electro- 
motive force  in  the  remote  section,  R,  when  at  a  maximum. 

.Set  off  the  angle  C  E  Q  from  C  E  in  the  direction  opiwsed  to 
the  motion  of  the  hands  of  a  watcli,  which  call  the  jwsitive 
direction,  such  that  the  tangent  of  C  E  Q  is  equal  to  the  numerical 

quantity    _,-p,  of  which  each   factor  is   known,  and  draw   C  Q 

perpendicular  lo  E  C. 

Produce  C  E,  Q  E  to  F  and  M  respectively,  so  that 

CE:EF  ::  qe:  em  :;  R:r. 

Join  M  F,  which  will  be  parallel  to  C  Q. 


Set  off  the  angle  MQN  from  MQ  in  the  positive  direction, 
such  that  the  tangent  of  M  Q  N  is  equal  to  the  numerical  quantity 


,  of  which  each  factor  is  known,  and  draw  M  N  jwrpen- 


T  (R  +  r)' 
dioular  to  Q  M. 

Complete  the  parallelogram  N  M  F  0,  and  join  0  E. 

Set  off  the  angle  O  E  P  from  0  E  in  the  positive  direction, 
such  that  the  tangent  of  0  E  P  is  equal  to  the  numerical  quantity 

-  -  of  which  each  factor  la  known,  and  draw  0  P  perpendicular 

toEO. 
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Finally,  join  Q  P. 
Then 

PQ  is  the  electro-motive  force  of  the  generator  when  at  a 
maximum, 
and 

0  E   is  the   effective  electromotive  force  in  the  generating 
section  when  at  a  maximum, 
Iwth   on  the   same  scale   in   whidi  E  C  represents  the  effective 
eiectro-motive  force  in  the  remote  section  when  at  a  maximum. 

If  the  diagram  is  made  to  revolve  in  the  positive  direction 
through  the  four  right  angles  in  the  period  2  T  at  a  uniform  rate, 
the  projections  of  these  three  straight  lines  upon  any  one  fixed 
etraight  line  will  represent  the  actual  electro-motive  forces  at  any 
■moment.  Their  position  in  the  diagram  will  therefore  also  repre- 
sent their  phases  at  any  moment  n'ith  respect  toany  fised  straight 
line,  and  therefore  with  respect  to  each  other. 

On  the  same  scale  and  plan,  E  Q  represents  the  electro-motive 
force  constituted  by  the  difference  of  potential  of  the  ^loles  of  the 
condenser. 

The  maximum  currents  in  the  two  sections  ore  equal  to  the 
effective  electro-motive  forces  respectively  divided  by  the  resist- 
ances r  and  R,  i.e.,  to  ■ —  and  -jt-j  which  values  are  proportional 

to  0  E  and  F  E  respectively,  the  resultant  current  charging  the 
condenser  being  represented  on  the  same  scale  by  0  F,  its  real 

value  being . 

This  line  0  F  must  be  at  right  angles  to  E  Q,  the  electro- 
motive force  between  the  jilates  of  the  condenser. 
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{Wa  at*  incZe&jfd  la  the  eourlHy  ofiht  Jnttilutuni  n/Citil  Enginoen  Jar  altmrinj  t\a 
firsifive  0/ the /ollmiiinj  Abttraeti  to  b«  raprinied  fmm  their  Praatdinft.) 

A.  LEDHC— HALL'S   PHENOMKNON, 
(^Comptei  Rendiu,  T.  OB,  p.  673,  1881] 

If  tliore  i>  placed  between  the  poles  of  k  pawerful  clectro-mognet,  and 
perpeDdicular  to  tlie  Hues  of  magnetic  torce,  a  very  thin  metallic  plate 
Iniverted  by  a  current,  there  is  developed  in  thia  plate  a  tranBTereal  electro- 
motive force,  nliicli  Mr.  Ball  considers  due  to  a  pressare  lustained  by  the 
cnrrent.  Ur.  Righl  lies  fDond  Ih&t  the  effect  it  much  greater  in  bismuth 
than  in  the  other  melala  liitlierto  Htudied.  The  author  now  announces  tliat 
he  flndi  that  the  transversal  eK'ctru -motive  depends  on  tbe  quantity  of  current 
that  traverses  tlie  plate ;  on  it«  tem  piTature  ;  on  thu  mean  magnetic  intensity 
in  the  space  that  it  occupies  in  the  Held.  This  is  true  for  bismuth.  For  silver 
there  is  a  dedection  of  the  lines  of  equipotentiol  dependent  on  the  tempera- 
ture. If  the  magnetic  inlcuaity  does  not  eiceed  a  certain  value,  the  deflection 
of  the  line  of  equipotentiaJ  and  of  the  lines  of  force  at  the  points  where  they 
intersect  is  represented  by  D  -  i  M  {1  —  a  t),  t  being  the  deflection  produced 
at  the  temperature  0°  at  a  point  w]iere  the  magnetic  inteulity  is  equal  to  1. 
a  is  another  constant,  and  for  bismuth  iH  very  small;  for  silver  It  varies  from 
0008  to  0-OOD.  This  deflection  may  be  considered  due  to  the  heterotrophy 
that  the  metal  t&kea  in  the  magnetic  field  analogous  to  that  sustained  by  light 
in  falling  nonnally  on  a  hi-refluctiag  BubHtance. 

The  phenomenon  is  very  feeble  in  an  alloy  of  bismuth  and  lead  (equal 
weights) ;  and,  according  lo  Mr.  Hall,  it  is  nil  in  lead.  The  crystalline  state 
of  bismutli,  therefore,  appears  to  play  a  great  part  in  the  production  of  the 
phenomenon. 


P.    LUCAS— BESI8TAMCE    OP    CABB0N8    EMPLOYED  IN  ELECTHIC 

LIGHTHOUSEa, 

(CompUt  Rendai,  T.  98,  jp.  800,  1884.) 

The  Carri?  carbons  employed  in  the  French  lighlhouaes  are  0'016  metre 
in  diameter,  as  used  tor  the  ordinary  lights,  and  0'021  metra  for  the  "  doable  " 
lights  uBcd  when  there  are  fogs.  The  resistnnce  at  16°  centigrade  is,  as  nearly 
as  may  be  eatimated  from  a  large  number  of  bridge-measuremenls,  TO  ohms 
per  square  millimetre  of  section  and  per  mitre  length,  but  the  differences 
fnaa  IhiM  arenge  amount  to  as  mach  as  30  per  cent.     The  author  bos  made 
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experimentf  to  uctirtam  how  tbexe  carbuns  vary  in  reBistance  with  the 
qntuitUj  of  electKc  current.    The  rcaoIiB  led  to  the  empiKc&I  formala 

h  being  the  reaiitnnce  at  16"  centignide,  and  the  qnaotity  of  current  I  varying 
from  60  to  142  amperei,  wheu  tlie  coefSctent  of  y^  diminished  from  one-tliird 
to  one-fourth. 

Further  raeasuTemeniK  ai  to  the  vAriation  of  temperatare  led  to  tho 
fonnnla 

""u-'ll^  aiuporu  +  oOOu*  I' 

1 +00005  fT-IBl      ,.  ^  ^  ,•   ,  ,      . 

an'l  ¥  — So  ; — — —, — n^,  which  may  be  applied  tor  temperaturea  between 

400°  centigrade  and  900"  centigrade. 

Patting  Br^T  —  la",  the  number  of  calariea  diBongoged  per  eecoad  is 

g  _  V^  0-0747  9°  + 0000034 y 

"  4,151  ~  lIll.OvO  +  *3i  B—0-3b7  ff"  V  OoOOOSa  ff"' 

The  cooling  lorfAce  for  a  cylinder  uf  OOIG  m^tra  diameter,  and  0400  mMre 
length,  being  approiimaiel.v  20,000  aquara  millimitrcB, .  -  girea  the  fraction 
of  >  ealorje  disengaged  per  tqaare  millimetre  of  surface  for  each  rftlae  of  >. 


B,    ABDANK    ABAKAN0WIC2— A     NEW    METHOD    OF    WINDING 
ARMATURES   IN   UYNAMU-ELECTEIC   MACHINES. 

(La  Lumiirt  EUariqut,  T.  18,  p.  41,  ISSt.) 

The  author  points  out  that  the  npace  orcapied  by  wire  on  the  armature 
of  a  dynamo  is  not  filled  with  the  coppi^r  conductor,  when  tho  section  of  the 
wire  is  circnlar,  nml  that  the  empty  spaces  due  to  tho  round  form  of  the 
itin  amount  lo  13>5  per  cent,  of  the  lutal  space.  The  author  reviews  the 
mptli<>d*  of  winding  with  square  wire  anil  with  ribands,  adopted  by  Thomson 
and  by  Perranti,  and  the  siiggestiou  of  Mordey  to  fill  the  spaces  laft  by  round 
wire  with  ^  (lu«r  bare  wire.  He  proposes  to  fill  the  bobbins  with  a  flat  wire 
or  band,  obtiiincd  in  a  peculiar  way,  by  bending  a  strip  of  thin  copper  back- 
wards and  frirwards.  as  a  screen  ix  fuldeil  on  itself,  then  piurcing  tho  block 
thus  formed,  for  inserting  the  core.  Tho  leaves  are  insulated  froni  each 
other  by  bituioinised  paper.  Each  metul  leaf,  uftcr  being  piorced,  is  cut 
through  from  outer  to  inner  periphery  with  ecisson,  the  cut  being  at  top  or 
bottom  of  each  leaf  a'.ternately.  The  uaeletis  parta  of  the  paper  insulatioD 
are  then  renioved,  and  the  core  inserted. 


r.  S.  SCHUXS— ELECTRIC   TEANSMIS810N   OP  POWER   IN  UlNES. 
{ZrilKhrifl  del  Veninca  lUuUclier  Injmiture,  p.  H9,  1884.) 
ITie  nalhoT  deduces,  Irom  the  eiecuted  electrical  tranamiwions  ol  ^wwax 


1 

i« 
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^1            tAbulAted  below,   that  the  maxitiiuiii   electrical  efficiency  of   tbe   receivlDg 

1 

dyDamo  practically  attainable  is  60  per  cent,  of  tbe  tr&Dmiitting  motor ; — 

1 
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Lnstbof 

L«Ad. 

BffloEonejr. 

1 

Blectriml 

Ha. 

cbuilnl. 

TMaL 

1 

L«  Pe  ran  ni  ere,iiear  ^ 
Biv&de-Oier       ) 

n.p. 

S7l   [ 

Banling- 
HBchine 

MtttBS. 

j   IfiOO 

Psretnt. 
BOfl 

Per  MBt. 
87-0 

FBTtM&t. 

ao 

1 

Thibaut,  near  Bt.) 
£tieiui« ) 

BO 

n 

1      250 

*M 

S8-0 

ss 

H 

Blaniy      

17-0 

n 

6U 

— 

610? 

30 

H 

Zaokeroda       

1*7 

LoeomotiTT 

893 

46-8  7 

87-8? 

so 

H 

„              —    ■'■ 

GO 

Fan 

780 
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1 
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H 

900 

— 

— 

— 

1 

On  this  basis  Le  compares  tbe  c«st  of  electrical  transmiwion  of  power  with 

^1           the  actiul  cost  of  traoamiBsion  by  compressed  air  and  wnter  applied  to  rock. 

^H           drills  Bud  coal-getting  maohinee,  locom^itivea,  cnble  and  rupu  lianliog-miic bines. 

^H           and  ventilators.    He  Qndt  tli<^  former  mure  costly  than  other  melboda,  except 

^H          wliere  air  is  coropresaerl  by  etfani- power  withODt  bciDg  cooled,  and  in  the  ciiw 

^V         of  looomotiTei  for  baulage  on  levels.    The  comparative  cost  of  luch  liaalage  in 

^H           actual  operation  is  g;iven  in  the  table ; —                                                                ^^ 

' 

UiniREoBonKD  H^uxiioi  bt  lioconorrvis.                            1 
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i. 
0-276 

Oost  of  haulage    „              „ 

0  37! 

0-316 

0-736 

0'84I 

0-eso 

Tot&l  cott              „              „ 

0-l>36 

0-407 

1-22C 

1-348 

o-ose 

Daily  work 

TOTi.tcmt. 
MS 

Ton.knu. 
1.121 

Trni-kms. 
106 

Ton.knu. 
IGD 

Ton  Jobs. 
235 

Length  ot  line      

KUnn. 
2,330 

Ul>tr». 
4,627 

G20 

UUna. 

620 

HUru. 
610 

Speed          „          

2-3 

33 

1-5 

1-S 

26 

Weight  of  engino       

4,400 

Kilognn-". 
b,OOU 

Kllogrm*. 
2,700 

KiloEmu 

Klloffnni 
l,lj00 

Height      „                

mm™, 
I-9M 

31 

Milieu. 

Mi-lm. 

les 

mini. 
1-5 

; 

WidUi       „                

1-30 

1-6 

— 

110 

0-8 

d 

ABSTKACTS, 


Iffi 


For  Ihe  eeparate  ventilation  of  a  lateral  drift  of  tlic  Zaukeroda  mine*  a 
^incli  Schiele'i  fan  U  uced,  driven  by  a  Siemena  dynamo  actoatHd  by  a  Dol. 
oroaki  Blpsm-engine ;  thecoitper  1,000  cubic  tqi^trM  it  0'27(I.,  nliicb  in  cheaper 
thun  transmimion  hy  compressed  air  only,  where  a.  speoial  compreuiiDK  plant 
for  the  amall  fan  lias  to  be  put  down.  The  author  concludes  that  there  is  no 
Aeld  for  electrical  irktuBiuicston  in  mining,  special  catu^  excepted,  except  tor 
hauling  on  level*  by  locomotives,  which  could  advantageouity  replace  rape,  or 

fble-banJuge. 
A.  E.  BOSTWICK— THE  INFLUENCE   OF   LIGHT  ON  THE 
KLECrlUCAL   RKSiSTANOE   OF   METALS, 
ITha  AnKriain  Journal  of  acUiu*.  Vol.  28,  p.  113,  Aagutt,  1681.) 
The  influence  of  light  on  the  electrical  refilstance  of  stlenium  lias  been 
invefltigated  by  W,  G.  Adams,  Werner  BiemenH,  and  Sir  WilliBm  Siemens.    It 
luM  al«>  been  shown  that  (ellurium  possesies  the  same  qualities  in  this  respect 
U  leleuium,  though  in  a  much  less  di^gree.    Adams  found  the  gruateat  dimina- 
lion  of  reiistaace  in  tellurium  to  Iw  0-3S  per  cent.    In  1877  Bomsttin  published 
a  paper,  in  which  lie  attempted  to  show  lliut  other  metals,  such  as  gold,  silver, 
*nd ptatinnm,  possessed  similar  properties;  but  subsequently  Werner Biemens 
and  Bansemann  concluded,  from  an  elabojvte  series  of  e<>periments,  that  thera 
WM  DO  action  in  the  case  of  these  latter  metals.    In  1881  Biirnstein  published 
■  new  ieriMoreiperimenis,  from  which  it.  would  appenr  that  the  electrical 
mistance  of  silver  was  diminished  OHllSS  per  cent,  by  the  action  of  light. 

BOmilein's  Qrst  experiments  were  made  upon  platinum  wires  and  thin 
leares  of  gold,  silver,  and  platinum,  mounted  ou  glass.  Two  methods  were 
smplojed.  The  Srst  consisted  in  tlie  cwmparisun  of  (he  resistance  of  twa 
vires  or  pUlea,altema[e1y  illuminated.  The  second  consisted  in  tlie obser- 
vatian  of  the  logarithmic  decrement  of  the  swing  of  a  galianomet^r  needle, 
the  galvanometer  being  coupled  in  circuit  with  n  single  plate,  which  was 
Itemately  illuminLited  and  darkened.  The  results  obtained  by  the  two 
etboda  varied  very  considerably.  The  later  experiments  of  Bdmstein  were 
made  entirely  upun  silver  chemically  depusited  on  glass,  and  consisted  in  the 
direct  measurement  of  the  ratio  nf  the  resistances  of  tno  plalea  by  means  of  a 
Wbeatftonc  bridge,  with  sliding  conlact-wire.  The  ptal«s  were  exposed  to  tho 
light  fur  H  period  of  fifteen  minutes. 

Werner  Siemens  and  Hansemann  in.  their  eipenments  made  no  direct 
measurements,  hut  noted  merely  the  iligh  t  changes  ol  position  of  the  index  of 
a  sensitive  galvanometer,  coupled  either  in  a  Wheatstone  bridge,  or  in  circuit 
with  a  (uurce  of  electricity  and  the  metal  plate  to  be  Bxamined,  the  plate  being 
iUnnuDated  and  darkened  at  short  intervals. 

In  tbe  author's  cxperimeuta,  cjtrried  out  in  the  laboratory  of  Tale  College, 

five  plates.  A,  B,  C,  D,  E,  were  employed.     The  plates  A.  and  B  were  of  silver, 

:potited  on  pUte  glass,  in  u  film  thick  enough  to  transmit  a1x>ut  EiO  per  cent. 


•  UlnuletofPTOeeedlagrliat.  OJ.,  tbI.  luHL,  p.  tit. 
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of  light;  0,  D,  and  E  were  of  plutinam,  gold,  anil  Bilver  raipectively,  ilepoaited 
on  glujis  in  vacuo,  and  alsi]  each  Ihm  eniiugli  to  trantmit  liglit  ^aiily.  The 
ubaertationa  were  made  t»  determine,  first,  tlie  inituntaneou*  effect  of  liglil, 
and  KCDndly,  the  effect  of  expmure  tor  from  ten  to  flflean  nunatea.  Two 
inetliodB  of  eiperimeiitM  were  niK<l,  vi;i..  tlie  Wlieatstuiio  bridge  metliod,  in 
wbich  cue  arm  waa  formed  l>y  ii  »iiii;te  {ilnte,  and  n  similar  nit^thod  in  whicb 
hvo  arms  of  tlie  bridge  u'eru  formed  by  Ibe  plales  A  and  B,  wliicli  were  then 
espoBud  to  light  ulteniulelj.  TUu  rtsulU  aru  auuimed  up  lu  llie  toUowiog 
table  :— 

ISSTANTANEOliS    EtUCT,       (SIkLIIOU   I.) 

Plate  A.  Increase  of  a  lew  tliouBand^ha  of  1-00    per  coul. 
„      B.  No  diminution  of  more  tba&     ...  O'UOl        „ 

„      B.  (Sunlight).    In-creuseof    O'OO-l 

„      Clncreaauot    0-13002      .. 

„      D.  Increaaeof     0OOO3 

„       E.  Increaaeof      0WUIJ5     „ 

IiUNo  ExruauNKB.    [MmiOD  II.] 
A  And  B.  Mean  effect  on  plate  illuminaled — DecreaaB  of  OOOH  per  cenL 
A'  „   D'.  „  „  „  InortiOBB  of  (M)0E3       „ 

Uonii  effect  of  Ueui  effei^b  nf 

niomtnaiing  tbe  plate.  Darkinln^  iLa  platB. 

0,  Increaae  of  UiXJ'l  per  cent.  Increaae  of  DOOM  per  cent, 

D.  Decrease  of  0-003      „  Decreaie  of  0-0 1 4         „ 

E.  Increase  of  0-005      „  Increaite  of  OOO?  „ 

These  results  are  more  in  agreement  with  tligae  of  8iemen«  end  Hanaomann 
than  with  those  of  BSrnstein,  und  show  that  if  light  ciiuies  any  diminntion  in 
the  electrical  reeifltance  of  tlm  meials  experimenlBi!  on,  il  probably  docB  not 
exceed  a  few  thousandths  of  1  per  cent. 


aiABCABT— DliTEKMINATION  OF  THE  OBM  BT  THE  DAlttPIHU 

ilETHOD. 

(ConFi.l<i  Bandujr,  to!.  100, y.  309,  188!.] 

With  Bome  few  wcfpiions,  the  viiriuus  motiiuds  fvir  the  determination  of 
the  ohm  which  were  brought  before  the  I'aria  Conference  all  gave  valoes  of 
the  ohm  greater  limn  I'OC  mitres  of  mercury  1  iqUDre  millimetre  in  wctioa, 
except  the  damping  melliod,  whicli  has  always  led  to  lower  value«i  and  the 
author  has  btun  led  to  ijiveatlgitte  more  closely  the  theory  of  this  tnetUad,  in 
order  to  see  if  this  difference  nisy  l>e  itt-couuted  for. 

Without  following  the  mathematical  reasoning  with  wliieli  tlie  paper 
opens,  it  may  he  said  that  Mascurt  arrives  at  a  formula  which  is  that  given 
by  Maxwell,  viz., 

where B  ia  the  reBjaCance  of  Uie  coil.U  t\ieovqua«Aof  t^^'k|^Bt,a  the  mean 


». 


m- 
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gal*anom«ter  ooniiact,  S.  the  momeiit  o(  inertia  of  Ulo  magnet,  L  the  ca< 
efficient  of  self-induction. 

When  the  damping  is  considerable,  th*  dufation  of  the  oscillation*  cannot 
determined  directly  by  experiment,  and  it  ia  mure  general  to  deduce  it  trom 
the  relative  duration,  when  tLe  coil  ii  on  op^n  circuit,  by  tbe  formulu 
,=  +  y  -,;  +  tJ  -„i. 

t  thia  formula  it  not  itriotly  eorrect ;  in  fact,  the  correction  which  ongbl  to 
b;  iiitr<.~duced  into  the  calculation  of  tLe  reslstunce,  in  order  to  take  into 
account  the  coefficient  of  self-induction,  is  half  that  which  ii  usually  taken  by 
ttdoptiDg  thu  above  formula. 

Thia  correction  ii,  however,  not  the  only  one  which  has  to  be  taken  into 
account,  but  there  ia  a  more  important  one.  In  actunl  experiment  the  inducijd 
currents  are  necessarily  very  puiFerful,  in  order  that  thu  damping  may  be 
appreciable.  These  induced  currents  produce  a  temporary  magnetism  in  the 
bar  in  a  transverse  direction,  which  must  be  taken  into  account.  The  intensity 
of  Uie  temporary  magnetism  of  the  bar  is  proportional  to  the  action  of  the 
cnirenL  This  roaguctism  does  not  modify  the  fundamental  equation  so  tar  as 
tbe  induction  is  concerned,  but  the  earth's  action  on  tbi3  bar  introduces  a  new 
couple  of  opposite  sign  to  that  due  to  the  permanent  magnetism,  and  the  value 
of  tbis  Dew  couple  must  be  subtracted. 

The  original  hypatheaii  as  to  the  sDi^liness  of  the  deflections  and  the 
coustaocc  of  the  galvanometer  coefficient,  O,  may  still  leave  some  doubt  ai  to 
tbe  degree  of  exactitude  of  tbe  result,-  but  at  any  rate  the  two  corrections 
referred  to  both  tend  to  iocreasi'  the  values  of  the  unit  of  resistance  hitherto 
arrived  at  by  the  method  of  damping. 


E.  HOSPITALIEB— UKITY  OF  DEFINITIONS,  NOTATIOK,  AND 
SYMBOLB  DSED  IN  ELEUTEICITr, 

ll'EUttridtn,  Ko,  B3,  1881,  and  BulUlin  de  la  SonVlf  f  ntsmutionali  dn  Sladridmt, 

Vol.  I.,  p.  S66.) 

The  BTtiele  refers  to  tbe  daterminatiDn  of  the  above-mentionBd  society  to 

appoint  B  committee  to  come  to  some  conclusion  on  the  advisability  of  intro. 

log  a  stricter  turmioology  in  describing  electrical  phenomena.    A  tew  of 

examples  given  by  the  author,  of  confusion  in  the  use  of  terms,  may  b« 
[ted,  with  his  suggestionB  for  improvement. 

The  camt's  ■'austral"  and  "bjrcal,"  as  applied  to  the  polos  of  a  magnet, 
ahould  be  abulished,  and  that  pole  whlcU  points  to  the  geographical  north 
•hotild  b«  called  the  nurili  pjle  of  the  magnet. 

'Ihe  confusion  existing  between  the  positive  and  negative  pole  of  a  battery, 
poutive  and  negative  etectroile,  and  in  the  way  at  describing  tbe  grouping  of 
tba  cells  of  a  battery,  should  be  cleared  up. 

A  clear  dislinciioa  should  h;  drawn  between  the  terms  "generator," 
"reoeivflr,"  and    "transformer."      The  same   remark  »pplie»  to   ttie   Wtma 

tll-eieitin;''  and  •■  uaipaldr." 
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Coinicg  to  ttte  >ystein  of  C.U.B.  nniU,  tbe  author  point*  out  the  conrauon 
■which  exists  betweeu  the  pratticul  iiuil  of  [lower,  the  watt  or  volt-amprre, »nJ 
thti  practical  unit  of  work  or  eiier^,  tlm  volt-ooulomb.  It  ii  alito  most 
denrable  that  nniTonuity  should  be  iutroduced  into  tha  ij-mboli  uted  ta 
Kpmeut  the  fivu  chief  eletlrical  qunutities,  and  that  it  should  be  DO  longer 
ponib1«  to  Snd  in  t lie  same  liuuk  tlic  annie  quitntitiea  rvpreaeuled  by  different 
ejmbuls  in  diffvrunt  pages,  ur,  what  ii  worse,  the  same  iirmbol  used  tor 
different  qua.Qtitie8. 

Aa  a  reiult  oC  U.  HuspiCalier's  commanication,  an  influential  conuniltee 
'WW appointed  to  codify  the  terms  and  symbols  in  ordinary  use. 


a.   ttAIiUCB— THE    TRASSFEKEN'CE    OP   CAHBON   IN    THE 
tnJECTmC  ABC. 

(L'EIertricien,  Tol,  S,  No.  93,  p.  65,  J8S5.) 

The  following  phenomenon  mny  be  observed  by  using  a  carbon  4  mm,  in 
diameter  at  the  poeitire,  and  one  IS  mm.  in  diameter  as  the  negSitiTe.  The 
negative  carbon,  on  account  of  ill  mass,  is  not  rendered  red  bot.  On  the  other 
hand,  the  positive  carbon  becumcs  at  once  incandescent,  and  wears  to  a  point. 
LitUe  by  little,  the  particles  o(  carbon  which  part  (rum  the  positive  are 
deposited  on  the  negative,  in  the  shape  of  a  small  cone.  The  cone  haa  about 
9  to  3  mm.  diameter  at  iU  base,  and  sttainR  a  height  of  about  4  mm.,  -when  its 
formation  ceases  ;  the  quantity  which  is  burnt  t>eing  exactly  compeniatod  by 
the  quantity  brought  over  from  the  negative  electrode.  If  the  cone  is  broken 
off,  it  will  be  formed  again  until  the  siime  height  of  4  mm.  hai  been  reached. 
It  is  composed  of  an  intensely  black  carbon,  which  has  a  sliarpty-deSued  and 
bright  fracture,  but  is  less  coherent  than  the  ordinary  carboni. 


A.  BOUCHER— ELECTRICAL  TEAX3MI8310N  OF  POWER  AT 
BIENNE  IN  SWITZERLAND. 

(La  Lumihe  Eleclriqua,  Vol.  It, p.  SIG,  IS81.) 

There  are  two  turbines, one  woiking  ai  hiffh  pressure  and  the  other  at  low 
pressure,  placed  at  the  villnge  of  BHjnjeon,at  the  falls  of  Ibe  river  Baze.  The 
high-pressure  turbine  has  been  in  iise  for  raiher  nmrt:  than  a  year,  to  work  a 
dynamo  machine  for  the  electrical  transmission  of  power  to  two  factorits  at 
Bienne. 

The  total  height  of  the  fall  m  177  feel,  imd  the  qimntily  of  water  330 
gallons  p»r  second;  the  turbine,  liowever,  only  utilises  actually  l&TJ  feel  of 
the  fall,  and  can  lake,  when  the  g-uide  blades  are  iriile  open,  S8  gallon*  per 
second.  The  turbine  is  one  of  Uirard's,  with  a  horizontal  axle,  driving  n 
countershaft  by  spur  gearing.  The  generator  ii  a  Tbnry  dynamo  machine  of 
the  type  E%_  com  pound- wound,  and  ta  driven  by  a  belt  from  the  countertbail ; 
it  mnaat  a  speed  of  5U(I  revolutions  per  minute,  and  gives  an  E.M.F.  of  850 
roJtr.     The  eoadactore  ooneist  of  two  ci.'\>^r  wvwil  TaTt\.\a<Us.taeter  (about 
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ISO 


Ko.  2  B.W.O.)i  cariied  (m  telegraiilt  puata  and  InmlatorE.  Tbe  motor  it  also  n 
Thory  mubine  of  the  H»  type,  compound  .wound ;  it  runa  at  a  apeed  of  400 
levoIatiuDs  per  tninate,  uilL  a  diffenccv  oE  iwtential  of  about  300  volts  at  tba 
terntinals.  Thediitaiice  from  tbe  geoBrat^r  to  the  molar  is  about  1,367  yards. 
Bad  the  motor  gives  out  from  6  to  IS  birse. power,  accoriling  to  the  exigencies 
Of  tbe  TCt.>>'k  beiug  done  in  llm  factories.  Both  ends  of  tbe  line  are  protected 
by  li  gill  nil)  g-couduc  tors,  a  very  ntcefBdry  precnulioii  in  u  district  where 
tbundef' storms  are  very  prevalent.  Wben  starting  the  motor,  a  resistance  ii 
at  Sr*t switched  into  the  circuit,  but  tbis  UcQt  outstep  by  itepai  tbemacbio* 
■tarta.  Tbe  author  promises  exact  ligurei  of  the  working,  bat  states  Uiat  ft 
commercial  efficiency  of  70  per  cent  in  obtained. 

^L  B.  MABniOVITCH-H EATING  OP  COSDUCTOHH. 

(£ni  Lamiire  Electriquf,  Vol.  U,p.  352,  1884.) 
TtxiM  article  is  itself  an  abstract  of  one  by  Mr.  A.  Perenyi,  which  appeared 
la  the  Aognn  uumU^r  ol  the  Eloktrotachnitchti  Zaitichrift  (Vol.  0,  p.  3-jL,  I8H1). 

If  tre  consider  tbe  case  ol  a  wire  ivhich  has  a  Ungth  of  I  metres,  a  diameter 
of  d  millimetres,  and  a  speciUc  resislaure  a  (i.a ,  the  resiitaace  of  1  m.  with  an 
uca  of  1  mm.'J,  the  energy  spent  in  unit  of  time  for  a  current  of  I  amperes  is 
4  a  I  H  4  a      ,  1< 


Q 


(1) 


U  (-. 


The  quantity  of  heat  required  to  produce  un  excess  of  temperature  T  at 

end  ol  a  lime  t  will  be 

ii>  I 

-     T-AT        (2) 

'here  m  ii  the  ipecidc  heat  ol  tbe  metal. 
If  V  is  the  rate  uf  cooling,  then 

QJi  -V  dt-t-Ydt. 
U  dl  -  A  dt. 
.\tldt-Vdl-A.dl, 
'f    d  T 

t-Ayiprr   (3) 

Q  is  a  ctinstanl,  lint  V  is  a  fanction  of  Ti>f  Ibe  form  T  -  BT,  -where  B  is  the 
loHof  beat  in  unit  of  time  for  an  exceuuf  temperature  of  1  degree.   Integrating, 

t 


-^-B 


^(^-.-■0 


(*) 


In  practice,  the  important  casi:  is  thiit  where  the  energy  developed  Q  doe* 
t  raise  the  temperature  of  the  body,  but  is  trauamitted  to  tbe  surrounding 
media ;  i.4,,  when  U  —  0  anit  Q  —  Y. 

tFrom  the  formuin  of  Dulung  and  Petit,  I.aken  in  conjunction  with  tboie  of 
ecJet,  we  find  the  beat  lost  hy  a  conductor  in  one  hour  is 
a,600V  -  (8K  +  B'S")  lO^'cIU         (71 
here  8  and  B'  represent  flwctioaa  ol  the  excess  ot  t«mpera\ttre  tox  ^aX  \o*. 
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bj  radiation  &nd  b^  coDvection,  K  is  a  ooeDlcient  of  radiation  wbich  raric* 
with  the  nature  of  the  condaclor,  while  K'  ii  a  cDefflcienl  of  coDveetioii  wliicli 
depeiicif  on  tlie  sbapo  nnd  position  of  the  ccndo iter.  Farhomonlal  cjlicdriral 
mrrucGB,  accordiDS   to   Peclet.K'  -  8-068  +  -^  jer  hcnr  per  iqaara  ro*tre, 

and  forTertical  cylindrical  iUTliiMB  K'  —  |  0-736  +  -7=- )     (S**3  -t  -^-Y 

The  energy  dixipated  per  hour  for  a  cemtiDt  ourreat  I  if,  from  equation 
(I),  for  copper 

S,600  Q  -  S-!9S4  K  10~'  ^  I  (9) 

and  by  equating  rormulv  (7)  and  {8J,  t^..  by  ntafcing  U  -  0, 

7-824  2.  -  0-18  8  +  S'  K' (B) 

The  value*  calculated  from  tbia  formula  have  been  compared  with  thorc 
found  enperimeiitallj-  by  Prufeisor  Forbes,  and  agree  very  elosely. 

Taking  the  tables  of  Peclei,  it  19  seen  tl)ai  fur  copper  K  ia  Tery  Btn&ll  m 
comiiariKm  with  K',  hence  equation  (8)  mtiy  be  written 

7-824  ^  -  B'  K'         (ID) 

in  which  B'  -  n  1*. 


Finally,  replacing  K'  by  its  value  at  given  in  the  forninla  for  horizontaJ 

lues,  n  -  0-3377,  b  =  l-L'SS, 

^*>  t") 


cyliudiical  surface*,  and  taking  Dulong's  Talues,  n  —  0-3377,  b  =  l-L'SS, 
which  may  be  written 


wLenoo 


IM         5377      fry 


If  now  we  negltot  d  In  coropariun  with  37-12,  or  37-12  in  comjinrison  with  d, 

I  I' 

we  bHvo   either  -.  a  con»t«nt  or  — ^  n  couitaut,  neither,  however,  lieiug  rigur- 

oosly  exact. 

Mr.  Perenyi  has  also  inveatigattd  the  question  of  the  temperature  at  the 

centre  of  the  conductor  ns  a  function  of  that  at  Ihu  surface  ^  ami,  without 

following  the  calcujalion,  it  may  be  said  that  the  difference  of  tern [lerature 

between  tha  centre  and  thu  surface  of  the  conductor  is  very  approximately 

directly  proportional  to  the  square  of  the  current,  and  inversely  proportional 

to  the  square  ot  the  diameter. 


O.  LIPPMANN— ACTION  OF  HEAT  ON  BATTERIES,  AND  THE  LAW 
OF  KOPP  AND   W0E8TYNE. 

(I.a  Lumiire  Elcclriqv*,  Vol.  H,p.  388,  1881.) 
It  is  known  that  sonie  batteries  have  an  E.M.F.  which  varies  with  thair 
leinpej^tare;  aacb  are  especially  tho»6  wMoli^iavB  fcwiV\ai!TiQ\».T\«\Ti4«Ument. 
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It  ii also  known  tbftl  Iwtteriei  with  a.  rariaWe  E.M.F.  have  a  vory  peculiar 
property,  n&mely,  th&i  Ihs  energy  \thicb  tliey  produce  under  tliv  foroiofaa 
electric  current  ia  not  equal  lo  the  energy  of  the  chBDiiciil  artiou  going  on,  ta 
measured  by  r  calorimeter:  tlie  difference  between  (he  two  quantities  is  due 
u>  the  fact  that  heat  drawn  from  the  surrounding  media  ia  joined  to  the  heat 
due  to  the  chemical  action,  and  the  two  a,ve  together  traniformed  into  electrical 
or  mechsDical  work.  This  borrowing  of  heat  from  tUu  turruunding  media  ]iai 
been  ehi^wa  analytically  by  llelinholtz,  and  verified  eiperi  men  tally  by 
Czapdii. 

Prum  a  consideration  of  six  differential  equations,  which  are  arrived  at 
by  Bu  application  ut  the  laws  of  thermi>.ilyuamics,  the  author  concludes  that 
butteriea  with  constant  K.M.F.  are  those  which  latiify  the  law  of  Kopp  and 
Wocstyne. 

When  in  a  series  of  chemical  reactions  there  ia  a  chan^  of  state, — for 
eJtample,  the  aolution  of  a  solid  body, — the  law  of  Kopp  and  Woeatyne  is  not 
verified,  aa  Sir.  Berthelut  showed  long  ago.  It  ia  for  this  rvaaon  that  battfries 
nrilh  a  solid  depolarising  ek-ment  are  flinsible  to  changes  of  tempeniture. 
Uoreover,  if  in  a  Clark's  cell  containing  a  saturated  solution  of  zinc  sulphate, 
«a  ezceai  of  crystuls  of  this  salt  arc  added,  the  increase  of  the  E.M.F,  for  one 
degree  i«  miied  hy  one-lhird  of  its  value. 

Ur.  Berthetol  hua  also  shown  that  the  reacliona  in  which  the  chemical 
twat  varies  with  the  temiwraluns  are  those  where  the  law  of  the  caluriflc 
capacities  are  Dot  veriQidd.  This  proposition  is  not  to  be  confounded  with  the 
one  slated  above,  since  the  B.MX  la  not  always  proportional  tu  the  chemical 
heats.  Unitiug  the  two  propositions,  it  may  be  said  tbat.if  the  law  of  calorific 
capacities  is  verified,  Ihe  chemical  heat  and  the  £.M.F.  are  equal,  and  are 
nnaSected  by  cliauges  of  temperature;  in  the  opposite  coses,  the  two  quantities 
are  aneqiial,  and  are  variable  with  the  temjierature. 


E,  WARHURO— ELECTROI.rBIB  OF  SOLID  OLABB. 
(La  Lamiin  EUctrijMi,  f'ol.li,p.  330,  1S81.) 

Bnfi  had  observed  that  at  temperatures  of  about  300"  C.  the  current 
tiarening  the  gluss  at  liril  gave  a  conaiderahle  deflection  on  a  galTuuomet«r, 
which  Eubsequeully  fell  oS  and  ultimately  became  nearly  nil.  He  imagined 
that  this  was  due  to  polarisation.  Hi:  Warburg  has  repeated  the  experiments, 
nnd  lias  arrived  at  the  CJncluiiou  that  Ihe  effect  is  due  to  the  formation  of  an 
insulALing  layer  of  silieoii  on  the  auriace  uf  the  anode,  resulting  from  the 
electrolysis  of  the  silicate  of  soda  in  the  glass. 

The  GipeTitnenta  were  carried  on  in  a  hot-sir  stove,  heated  by  Bunsen 
bamers,  and  kept  at  a  conatant  temjierature  of  about  300°  0.  by  a  regulator. 
Tlie  lest-iuhes  used  were  ol  Thurlngian  glass,  which  is  relatively  a  good  con- 
ductor, and  the  two  surfaces  of  which  were  in  contact  with  mercury.  If  tlia 
above  hypotl.eflia  is  true,  llie  siliceous  liyer  forma  the  insulating  layer  of  a 
condenser,  the  conduct. ng  plates  of  vhic}i  are,  on  the  one  aide,  1.be  hwcmv), 
mai  on  the  other  tlie  glass. 


in 
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From  the  mm  of  hia  experiment*  Mr.  Warburg  bas  derived  the  valae 

0-0281  mkrofuradn  per  Bcjuare  centimiitre  for  t!it  capacily  of  the  niliceoUB  layer, 
whicli  in  Ihin  cjiae  had  been  Ji']josited  by  Ibe  current  fram  30  Bunaen  raili. 
From  the  eapncity,  the  tlikknen  of  the  layer  can  be  calculated,  and  vaa  found 
to  be  4-71  «  l(r*  millimetres. 

The  presence  of  thiaBLJiccona  tkyer  preventi  the  depORition  of  any  film  ol 
moiolure,  nnd  it  tliererore  becomoa  of  practical  uaa  in  assuring  the  perfect 
insulation  of  glass  tubeii.  The  layer  is  very  odhe rent,  and  canonly  be  removed 
by  prulon^ied  soaking  in  strong  caustic  potash. 

By  using  as  the  anode  an  amalgam  of  solium  (^  to  1  percent.),  the  siliceous 
layer  is  no  longer  formed,  and  the  paisage  of  the  current  does  not  in  any  way 
change  the  conalitntion  of  the  glass.  The  glass  takes  up  from  the  amalgam  a 
quantity  iif  sodium  equal  tu  that  u-litch  it  gives  up  to  the  mercury  kathode.  By 
pulling  the  amalgam  oulaide  the  tube,  and  then  weighing  the  lube  and  the 
contained  mercury  after  electrolysis,  it  wasfonnd  that  the  weight  had  increased 
hy  a  quantity  proportional  to  that  of  the  silver  deposited  in  a  voltameter  in  tlie 
same  circuit.  It  appears,  therefore,  tliat  the  silicate  of  sodium  la  the  electrolyte, 
and  that  the  sodium  u  uarried  forwiird  M'i'h  the  current. 


P. 


BAKMETlBrr— THE  RELATION  BETWEEN  TEE  MAGNETIC 
MOMENT  OE  A  BUNDLE  OF  IRON  WIBES,  ITS  MABB,  AND 
THE  UIAMETEB   OP  THE    WIEES. 


(Ea  LutniVra  rtwh^jM,  Fol.  14,  p.  391.  1884.) 

The  mag^ietic  moment  nf  a  bundle  has  often  been  compared  with  that 
of  a  solid  cylinder,  but  the  influence  of  the  diameter  uf  the  wires  has  not  been 
studied.  The  author  filled  the  liollow  interior  of  a  cylindrical  bobbin, 
14B  mm.  long  and  32'Z  mm.  interior  diameter,  with  iron  wires  having 
respectively  diameters  of  1  mm,,  2  mm.,  and  G  mm.,  and  magnetised  them  by 
currents  of  vnriuus  atri'Tigths.  The  magnetic  moment  of  the  bundle  of  the 
finest  wires,  ns  well  us  its  siieciflc  magnetism,  exceeded  those  of  the  two 
others,  and  was  especially  raniarkaMe  for  strung  currents.  When,  instead  of 
filling  up  the  whole  hollow  of  thu  bobbin,  only  a  circular  ring  of  wires  was 
used,  the  specific  magnetism  of  thci  thin  wires  becamo  for  the  same  current 
strength  several  times  greater  than  that  of  the  thicker  wires. 


Dp.  8.  1..  AUGELINI— VARIATION  IN  HESI8TAN0E  OF  A  OEKMAN 
SILVER  WIHE  WHEN  8THETCHED. 

(Co  Luaiirre  EUarigue,  Vul.  15, p.  *1,  1865.) 
After  a  reference  to  the  labours  of  Mouston,  Du  Marchi,  and  Tomliiuim. 
the  author  goes  on  to  describe  some  experiments  made  in  the  laboratory  of  the 
Padua  UniverBity,  nnder  the  dil-ection  of  Professor  Kosselti. 

The  wire  experimented  up.in  whs  1-3  nutres  long,  with  a  diameter  of  0-366 
aun.  (No.  2S  B,  W.O),  and  had  an  initial  resistancs  ollllMlS  ohmi  at  31°  0. 
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It  <ru  napeaded  Tertically,  and  was  Btretched  bj  wpjghta  placed  in  a  Bcale-pan 
ilUiB  lower  cutremily;  an  adUitioiial  weight  ot  400  gram  in  en  whs  added  every 
IwD  mionteR  until  the  wire  broke  with  a  total  load  of  1  06  bilogrammEs  (eay, 
I  Its.  Si  oz.).  The  lengthening  ot  the  wire  was  carefully  measured  by  a 
ttthetoineter  reading  M  j\.  uf  a  milliniutru ;  and  a  plumb-lint!  suspended 
tloDgside  serred  to  indicate  any  give  iu  tlie  support  from  which  the  wire  wai 
hong. 

Tha  measarements  c<f  resistance  were  made  by  means  of  a  Wlieatstone 
bridge,  in  one  arm  of  which  was  connecteil  up  the  German  silver  wire,  and  in 
the  other  a  Poggcndorf  rheostat,  and  an  additional  rheostat  formed  by  a  thick 
GermuitUver  wire,  each  milliniucre  of  which  had  a  resiatauce  of  O-O0O21  ohm. 
A  galvanometer  by  Edulmun  was  used,  which  whb  rcnderi'd  very  wnsitive  by 
BKOUB  of  a,  pjwerful  directing  magnet,  Tlie  dellections  were  read  on  a  scale 
bj  a  telescopK,  and  the  galvanometer  being  short-circuited  between  eacli 
approximation  to  the  true  resistance,  the  zero  wag  re-established  for  each 
nading.  The  current  was  furnished  by  six  small  Leelanchfi  cells,  and  was 
kept  constantly  circulating-  in  the  bridge  and  wire  undi^r  observation  ^  the 
qountity  of  beat  produced,  which  was  very  trilling,  therefore  remained  constant. 
The  slight  delny  caused  by  tnaking  the  Buccesaive  npproximatiotiB  served  to 
ullow  the  wire  to  regain  the  heat  lost  by  stretcliing. 

The  results  are  giveo  in  a  table,  fnmi  -whiub  a  few  ubsarvations  are  choien 

W  EXItmpkB  i— 


Wtigbt. 

QtuaaMM. 

RcebMnn 
muivicd. 

lUalBlann 
aUcalaled. 

B30JUtlTDd- 

Ci>mfl1od  by 
InterpoUtion. 

R«Ai^tanOff 

uIduIiiIikL 

CopKcled  hy 

interpolptjon. 

DIffannou, 

3/tlJO 

2-250T3 

a-iHoai 

S-2E0T3 

224916 

0001^5 

.'.,n<Jl) 

2-2r,0lio 

2-.'o;ioc. 

■•■■Jl'H'S 

2-26P3T 

0-000^3 

<;.2oo 

2  26394 

2-^6237 

i!-2li420 

S'a;2ii6 

0'00154 

i'.aoo 

2  ST433 

2-27015 

2'2748G 

2-27063 

0-0O422 

v.eoo 

™-28fiU3 

3-2737T 

_ 

— 

— 

1 

10,000 

2-aa27i 

a'284il 

— 

— 

— 

By  constructing  a  curve  for  the  variation  of  the  resifltance  between  the 
loads  1,800  grammes  and  9,000  grammes,  taking  the  loads  ui  abciss^  and  the 

ri*t;ince9  as  ordinates.  it  can  be  seen  tliat — 
I,  The  resistance  increases  with  the  load. 
•2.  Between  1,)^00  and  3,400  grammes  the  increase  of  resistance  is  almost 
propiirtional  to  the  incruase  of  load.  After  tliis  point  the  increase  of  resistance 
is  more  rapid,  though  still  proportional  to  the  load  up  to  7,800  gramtnes,  when 
again  the  curve  becomes  steeper.  There  ore  tliea  two  critical  points,  one  at 
it,ti.iO  grammes,  the  other  at  7,8on  grammes — pgints  at  which  a  change  in  the 
molecular  structure  of  the  wire  occurs. 

After  the  loud  had  l«ea  takea  off,  by  fracture  ol  the  wire,  t\te  iBtvAo.'o.'A 
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went  back  at.  onca  tu  2-21T67  ohmn,  eorreiponiling  to  n  Itmd  of  1,570  gramaies. 
which  resiiUncB  very  gradually  diminiBbed. 

In  another  colnmn  of  the  table  the  author  has  given  the  differenc**  between 
the  otserved  and  the  calculated  valuas,  and,  forming  a  curve  with  these,  it  willj 
be  seen  that — 

1.  The  observed  reiiatanco  is  always  greater  than  that  calenlated  from  tiiaj 

fortnnla  (b.>  =  11   'V  where  Hand  1  are  the  initial  resiatance  and  leDgtli,aaal 

Ji  the  length  after  atrplchirg. 

2.  The  carve  shows  two  pointsotchangaof  CQrvature.ono  at  3,000  gr«JM 
and  the  other  at  7,100  grammes. 

a.  The  portion  o(  the  curse  between  these  two  values  has  the  form  of  i 
parabola.  From  the  7,000  gramme*  till  the  breaking  point,  th«  curve  ■ho« 
Kodden  variatioua  due  tu  moloular  changes. 

For  the  parabolic  portion  at  the  turve,  the  antUor  hoa  found  th«  eqoaUoal 

D  -  0  002273  -  0-000682  T  +  0  00O06C  T', 

where  D  ii  the  difference  in  roaistance  and  T  is  the  load ;  from  this  equBtian_ 
the  mean  error  oomesont  ^O<IO014,  wliicli  indicates  that  the  eqaation  ma 
be  relied  upon. 


P,  KOKLBAOaCH-THE  CONDUCTION   THEOEY  OP  THEHMO- 

ELECTKICIT?. 

(Jnn  Imier  Phyiik  iind  Chamia,  7dI.  S3,  IT.  3,  Ke.  11,  1881,  p.  477.) 

The  Brtirla'iB  a  reply  to  Budde's  objection  to  the  author's  conductic 
theory,  according  lo  which  Llia  thermo- electro-motive  force  is  to  be  aougbC  ioT 
the  heat  cnrrcnts  which  exist  in  every  actual  thermopile  ^   Budde   being  a 
sapporter  of   the  contact  theory,  wliich  recognises  the  seat  of  the  llii  iiiin^^B 
electric  force  as  being  at  the  junctions.  ^^1 

Bndde  objects  tliat  the  conduction  theory  caa  only  agree  with  the  lecond 
law  of  thermo-dyn amies  it  the  thermo-electric  series  can  bu  represented  by  a 
quadratic  expression  as  it  function  of  tho  temperatun-.  In  order  to  explain 
the  Peltier  effect,  the  author  hns  aasumed  tliat  the  electric  current  e^irrie 
beat  along  with  it ;  and  to  this  Budd  c  strongly  objects,  since  he  says  there  ea 
he  no  sense  in  saying  that  beat,  wliich  is  not  material,  bat  only  a  furm 
energy,  is  capable  of  motion  in  a  wire  at  a  constant  temperature.  DilTerenccs 
of  the  heal  distribution  m»y  be  eqiiftliaed,  but  where  there  are  no  differcncea 
there  cannot  be  anything  of  the  nature  of  a  cnrrent. 


aia 


P.  KOHUBAUaCH— CONDUCTIVITT   OF    WATER    DISTILLED    IN 

VACUUM. 

the  a  lAnmlm  der  Ph'jiiTt  und  Chemit,  Vol.  Si,  Pt.  1,  p,  4S,  1S8S.) 

"°'"' *  ipparpttna  used  by  the  author  in  his  experiments  wm  of  Ibenature* 
The  ^  i.^Qjjut;]-^  and  conilited  of  two  glass  bulbs,  one  much  larger  Uiau  i 
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otber,  connected  by  a.  glnsa  tube  provided  wilh  a  ihurt  liile  tube,  by  means  at 

which  the  appiuTitiis  could  be  cunnecteil  loaSjirengol  piimp.    In  the  smaller 

bulb  were  two  platmum  electi'nde),  by  means  of  wbicb  to  mcnsure  the  reaistance. 

TUc  whole  appatatm  wua  filled  through   the  «nle  tube  irilli  the  purest  water 

obtainable,  and  tben   boiled,  t!ie  pump  being  worked  until  the  pre e sure  was 

about  one-bnndreth  ot  a  miliiniiitre  of  mertury,  the  vapour  at  the  end  being 

absorbed  by  cooled  solpliuric  acid.    The  aide  tuba  wan  then  hermetically  lealed 

)y  a  blow. pipe.     The  w»ter  left  in  the  HjiparatuB  Blled  about  two-thirds  of  the 

irger  bulb,  and  by  warming  this  bulb  ti>  10°,  while  tba  suialtci  one  was  kept 

t  0°  tn  —  8°,  some  6  to  8  cubic  centimi'trea  o[  wuter  could  be  distilled  over. 

The  reaiatance  was  measured  on  a  'Wbealstone  bridge,  very  short  inter- 
luitteut  current!  being  sent  tbrough  it  from  two  Smee  cells;  n  very  sensitive 
mirror  galvBuameter  being  employed  to  get  the  balance.  The  current  was  hi 
imk  that  polariiation  did  not,  occur  for  about  one-tenth  of  a  second,  which 
vaa  a  longer  time  tban  the  current  was  kept  on. 

The  resistance  of  the  water  did  not  seem  to  he  constant  in  all  cases,  as  it 
was  obsened  to  diminish  with  liipae  of  time,  the  conductivity  in  one  tube 
having  increased  some  twenty-five  times  in  Qfteen  hours. 

Tbe  figure  which  the  author  considers  from  a  review  of  all  bis  experiments 
tu  represent  the  conductivity  at  1B°  0.  of  water  diatilleri  in  vacuo,  taking 
roercory  as  unity,  is  0 ■00000000002 5.  Put  in  olh^r  words,  this  means  that  ii 
conductor  of  meroury  cacircling  the  aartli  would  have  the  same  resistance  as  n 
coDdactor  of  water  otui  millimilre  long,  the  sections  being  equal.  The  ohm 
wooid  be  repreiented  by  a  layer  of  water  one  square  millimetre  in  area  and 
•ome  twenty-six  biilionths  of  a  mdtre  thick,  or,  again,  a  colun..i  of  water  one 
•qaare  millimetre  in  section  and  one  m^ire  long  wontd  have  a  resista.nce  of 
4  M  10'»  ohms;  a  copper  wir«  one  sqaar*  miilimtire  in  section,  to  be  of  tba 
MOM)  resiitAnce,  would  have  a  length  of  21  >  10>  kilometres,  a  distan<:e  w  Jicb 
it  would  take  a  ray  of  light  some  two  and  a  quarter  hours  to  traverse. 


P.  aiCHABZ— FORMATION  OP  OZONE,  PEHOSIDE  OF  HYDROGEN, 
AND  8ULPHDR  TRIOSIDE  IN  THE  ELECTROLYSIS  OP  DILUTE 
aDUHUBIC  ACID. 

(Annain  dm-  Phj/iik  vnd  Chemia,  fel.  24,  p.  183,  1885.) 

In  bi*  experiments  th«  author  at  first  made  use  of  a  U  tube,  but  this  had 
to  bo  abandoned,  as  the  results  were  not  concordant,  owing  to  the  concentration 
of  the  sulphuric  acid  ia  the  leg  of  the  tube  containing  the  positive  electrode. 
A  straight  tube  was  then  used,  which  was  clamped  in  a  vertical  position.  The 
pomtive  electrode  was  formed  by  a  platinum  wire  placed  in  the  upper  part  of 
the  tube,  the  two  ends  of  the  wire  being  sealed  into  the  gloss  at  two  points 
vertically  below  each  other.  The  object  of  having  both  ends  brought  out  of 
the  tube  was  in  order  to  enable  the  wire  to  be  brought  to  a  red  heat  by  the 
panage  ol  an  electric  current,  it  having  been  found  that,  unleu  this  were  done 
preriCFUsly  to  each  eiperiment,  the  reflulta  did  not  agree,     tVie  Ti«p.Vn* 
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elMtrode  Aniillj  decidtd  upon,  arier  a  trial  of  thio  plates  of  platinum, ' 
■fmitar  platinum  wire  fused  iota  the  oppoaite  sjile  of  Cbo  tnbe,  and  lower  i 
limn  tlie  positive  one.  Thu  wliole  appnratm  wba  kept  at  zero  lemparatiu*  \ 
being  surrounded  with  nieliing  icB;  and  tlie  curnsnt  used  for  elliicting  t~ 
electroljsia  was  kept  constant  hy  obst^nring  tlit  deficctioDs  oE  a  tange 
gnlvaiio meter,  and  putting  in  or  cutting  out  portions  of  a  resistance  wLi. 
formed  part  of  the  circuit.  The  galvanomuter  conglant  having  been  accnrale 
determined,  it  ivuBalso  ponsible  to  -calculate  tlia  total  amount  of  gases  win > 
■Lould  have  been  liberated  by  the  paxiageof  tlie  current,  and  thus  tocber- 
Tlie  quantitieH  delennined  by  tlio  cliemical  analysis. 

The  ijuantily  of  ozone  formed  was  determined  by  the  amount  of  ioilioe  • 
free  from  a  xoluCion  of  potassium  iodide,  this  amount  of  iodine  beingestimut' 
by  its  reaction  on  normal  sodium  sulphite.  The  sulphur  trioxide  formed  w 
I'olculated  from  its  action  on  ferroun  sulphate,  which  it  converts  into  (•■rr 
■ulphale.  For  the  determination  of  the  hydrogen  diuiide,  the  permBngiiiia" 
of  potash  test  was  used. 

At  flrat  the  positive  platinum  "wire  electrode  was  not  heated,  and  it  i^ 
then  futind  lli.it  the  results  did  not  agree.    The  author  sought  for  the  cause 
this,  in  Ihe  Urat  instance,  in  the  negative  electrode,  but  he  found  that  this  d 
not  nffect  the  result,  nor  did  the  evolution  of  hydrogen, Jior  impurities  such  „, 
lead  or  manganese  in  the  elertrulyte,  and  he  therefore  concludes  that  tbii 
altenitiun  of  tin:  jioaitive  electrode  was  due  to  the  evolution  of  ciiygen. 

The  reduction  of  the  sulphur  tt-ioxide  nt  the  negative  electrode  eaiuei  a 
diiappearance  of  a  quantity  of  hydrogen  ecgiiivalent  to  its  own  oxygen,  which 
will  be  shown  hy  a  deBcleney  in  the  total  quantity  of  gases  produced.  It  was 
dearly  proved  that  the  sulphur  trioxide  was  reduced  by  the  nasoent  hydrogen ; 
also  that  the  formation  of  these  higher  oxides  is  dependent  on  the  temperature, 
and  that  the  quaniily  of  sulphur  irjoxide  deri-eases  much  more  quickly  with 
ri»o  of  temperature  than  the  ozone.  The  author  also  found  that  the  quantity 
□I  tlie«e  evolved  gaaea  increased  wiLh  the  current  density,  and  that  he  conift- 
quently  got  better  results  when  using  wires  than  when  using  platen.  The 
degree  of  dilution  of  the  sulphuric  acid  also  has  its  influence  on  the  amount  of 
gas  evolved,  and  it  was  found  that  the  largest  quantity  of  sulphur  trioxide 
was  formed  when  the  electrolyte  contained  from  thirty  to  forty  per  cent,  of 
■ulphuric  acid.  It  was  more  difficult  to  delermine  the  quantity  of  ozone,  but 
it  seemed  at  any  rate  that  with  a  solution  containing  more  than  listy  pec 
rent,  of  acid  llie  quantity  was  less  than  with  more  dilute  solutions. 


TTLLOin— CELL  WITH  CONSTAST  COEHENT. 

{Baaiatirr,  Voi.S,p.4,&,  18S5j  ZeiUchri/t fur  IrutnimtnUrJiujidi, 
Vol.  i,  p.  403,  1884.} 

This  if  a  form  of  bichromate  cell,  the  chief  improvement  being  in  the 
eiciting  liquid.  Ten  litres  of  a  saturated  solution  of  bichromate  of  potash  at 
80°  0.  are  mixed  wilh  70  cubic  centimiitres  of  nitric  acid,  and  the  crystnli 
wbicb  BCforaCe  out  at  *0°  C.  are  mixed  with  fulphurjc  acid. 


ABSTKAOl'S. 


«.  VlWCENn-COSBUCTlVITX  Of  ALCOHOUC  SOLUTIONS  OP  SOllE 
CBLORIDES  AND  OP  VEKY  DILUTE  8AUNE  SOLUTIONS, 

[Bti^mier,  Vol.  9,]).  ISl,  1SS6.) 

TliB  experiments  wura  midu  uu  Kohirausch'H  plan,  with  iilternaitiag' 
carrent.  fumulied  bj  ah  induoticiii-coi],  tlie  reaistancen  being  measured  on  n 
Wh«>t<totie  bridge  by  ui'.-aus  of  an  e!lectra-d,v nanometer  of  Bellati's  con- 
itruciion. 

The  eoefHcietit*  of  conductivity  are  calculated  from  the  fovmulu 
1  —  A  m  —  *'  m', 
wbeie  III  —  lO.pf/A;  p  is  the  percentage  of  the nolulion, «  it!  speciUc gravity, 
A  Uie  toolemilar  weight  of  the  dissolved  Hulnttmoa. 

Hence  wb  have  the  toUowing  valiK-a:  — 


t^UnVTADCR. 

Ik  AuioaoL. 

Ih  WirsiL 

;^xlOl 

A>   «10» 

Axloa 

1 

Anunooiiun  Chloride 

I70'2 

4M 

i>r,i 

Lithinm             

lorr. 

530 

701 

Magnesimn         

07-3 

■^3lf 

71 -J 

Oaldiun               

472 

134 

750 

Copper                 

15-0 

•JD 

— 

Cadmiimi            , 

U-3 

H 

365 

Ktnc                     „        -.            

6i 

? 

uai 

The  resiataneea  of  the  alcoholic  solutions  are  therefore  much  greater,  and 
the  Kqaenee  of  the  setica  is  not  the  same.  With  dilute  aalutionx  tlie  condac- 
livit;  increawB  less  ([uickly  than  the  degree  of  concentration.  The  tempera- 
tnra  coefficient!  are  ■omewbat  smaller  than  in  water  Kolations,  and  approach 
fixed  limit*.    Thua,  for  temperatures  between  18°  and  25°,  we  have — 


m 

10'  )  k 

ku 

Atnmoni  tun  Chloride 

(xm  -  (voan 

i-ui  -  lea 

LlthiiuD            

■2»H  -  iHHl 

^3  -  16G 

Magnesium        „        

ffh'M  -  0-050 

1{1H  -  105 

CWciujji             „       

1-03*  -  0^l■(^ 

Ul  -  l:i2 

Copper                 „                

li-6ai  -  O-llO 

821  -  liht 

Cadmiiuu            „        

0-1  iu  —  0  0T5 

171  -  191 

Zinc                     

1--1H3  —  0-232 

101  -  104 

Uiing  the  same  method  of  obwrmttoa  for  vary  dilnteio\ationB,'t\iQKii^^D3T 
Fooeladet  tbmt  the  ctrndacUviiy  iarreasss   moi'e   slowly  tliaii   l\>e   iifc^fee  tA 
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concentration ;  tliat  Ihe  diS«reiil  tioltt,  when  eqn&lly  and  rery  largely  diltite4. 
have  not  Ihe  same  molecnlar  coclIicWnt  ol  cotiiiurtivit}-;  Ihui  ilii-  .nUueoL-cof 
temper.Ltarv  ia  nearly  tlie  same  for  different  falts  anij  iDi:i'i?ase<i  wiUi  it,iij  tb»i 
the  conductivity  cj  fiii'  the  temperature  lia«i  —  ep(l-kal  +  bli),  where  a  very 
clowly  corresponds  to  tliechftiApa  "f  the  uoelBcieni  of  friction  of  water  with 
temperature. 


EDEUWANN-S  VABIABLE   AMMETER  SHU^'T. 
{Cfnlralblatjiir  SlfktroUohnik,  Vol  ti,  p.  670,  IBS*,) 

At  Che  lefl'hand  eiid  of  u  aCout  wooden  liase  are  fixLii  tw<j  blocks  of  metal 

in  line,  and  at  th«  rigbt.hund  end  are  three  similar  bloclca.  Between  these 
block!  are  stretched  fuur  stout  copper  wires,  or,  if  neoesaary,  rods  may  l>e  used : 
these  wiree  are  arranged  in  thi?  metal  blocks,  ho  that  wire  No.  1  has  one  end  in 
the  top  right-hnnd  block,  the  other  t-nd  and  one  end  of  wire  No.  2  being  in  the 
top  left-hand  black  j  Ihe  middle  right-hand  block  i a  the  tPiTuinal  for  wires  2 
and  i,  the  tower  left-b and  block  is  the  terminal  for  wires  3  ^ind  4,  and  thu  loirer 
right-hiind  blouli  is  the  termin;il  fi>r  the  Lather  end  of  wire  4.  The  leails  from 
the  dynamo  machine  lire  liroui^ht  to  the  uppt'r  and  lower  right-hiin))  bloclcK,  m> 
that  the  current  musi  follow  a  zigzag  course  through  all  four  wires.  A(  seven 
equidistant  points  of  the  wirex  are  aaidered  smaller  pieceu  of  wire,  wliich  aarve 
as  (erininals  for  the  ^Wanometer  lircnil ;  while  sii  more  terminals,  eqni- 
distanr  among  themBelves,  hut  hi  ^  the  distance  of  Ihe  foruiir  icveu,  n^^ive  fur 
a  similar  purpose.  In  this  way  3I>  dilferent  lengths  of  the  ebunt  may  be 
included  between  the  lerminals  of  the  g.'itvanoraeter,  uach  k-ngth  licing^ijof 
the  total  resistance  of  the  shunt. 


BDELMANN'8  PORTABLE  ASTATfC   GALVAMOMETER. 

CCentraUilattiilr  EJeUrBttclMik,  7oI.  6,  p.  TT5,  1884.) 

The  lower  of  the  two  needles  hangs  inside  a  copper  damper  which  is  placed 
inaido  the  coil;  the  upper  needle,  tni  which  is  affixed  au  aluminium  poin?er, 
liangB  above  the  graduated  circle.  The  coil,  together  with  the  damper,  etc., 
are  euclosed  in  a  wooden  cylindrical  bo.t,  to  which  the  two  ti'rminal  ,.erewa 
are  fixed  J  while  the  graduated  circle  is  rontained  in  a,  glass-rapped  cylinder 
placed  on  the  top  of  the  wooden  box.  The  whole  is  movable  on  a  central 
pLyot  provided  with  a  three-legged  base.  The  needle  is  suspended  by  an  eye  to 
a  fibre,  which  is  flxed  to  a  torsion  head  at  the  top  of  a  vertical  tube  fastened 
on  thi?  glass  plate  by  a  screw  cut  at  its  end.  By  means  of  this  screw  the  whole 
tube  with  suspeiuloii  iind  magneta  can  lie  lowered,  so  that  the  tube  mti  on 
the  upper  magnet,  which  itself  lies  on  the  divided  circle.  In  this  way  ilie 
upedle  is  firmly  (gripped,  and  the  instrument  can  he  movpd  about  withuni  fmr 
of  breaking  the  eusponiiioii  fihre.  The  divided  circle  is  movable,  so  thai  it  eau 
lie  tumed  rouud  tu  make  the  zero  jHtint  coiuoidv  with  the  plane  of  wiudiugs  uf 
lAe  soil. 
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Dr.  H.  KBUS8— A   XRW  TORM   OF   BQNSEN  PHOTOMETEB. 

ICtnlrtiMatt  far  EltkiroUehn-ik,  Vol.  B,p.  TSl,  ISSl.) 

In  the  1)1  dosc form  of  Brnuen  pliotomBt«r,  iii  nliicU  tlie  Iwo  siiles  al  Ike 
screen  had  W  be  compared  together,  an  error  was  introduced  from  the  fai-.t  that 
the  Jiaht  incideat  on  the  screen  waa  not  eepiirated  into  Iwo  parls,  the  tr«n»- 
mitieii  and  tlio  reflected,  but  that  :i  parlion  of  the  light  was  absorbed.  There 
are  therefore  three  positions  of  the  acreeii,  viz.,  that  in  which  Ihe  greaae-spot 
is  invisible  on  the  left-hand  side,  that  in  which  it  is  inviBible  on  the  right-hand 
aide,  and  that  in  which  it  appears  rqually  dutlni^tlj  on  buth  sides.  In  DeiKiga's 
form  ot  plm'ometer  only  that  position  iviis  need  in  which  the  grease-spot 
dkappeared  on  one  aide.  Iliidorf  introduced  the  urraiigemeiit  in  which  the 
rereen  stands  at  the  bisection  of  two  mirrurs  which  mBk«  iin  angle  of  abont 
110"  with  euch  other.  In  tlds  arrangement,  the  reform,  we  compare  the  two 
ima^ea  of  the  opposite  sides  of  the  grease'spoC,  which  appear  darli  on  n  light 
ground.  One  cf  the  chief  objections  to  this  arrangement  is  that  the  two  images 
>i«  lomewhat  widely  si^parated,  and  it  is  therv-fi>re  more  diillcialt  to  niiike  tliu 
eomparisoii.  This  objection  has  l>een  noticed  by  Toti  HcFner-A.lte neck,  who 
kduptcd  the  plan  of  plni^injj  two  prisms  in  front  uf  the  acteeii,  inateud  of  Iwo 
Diirrun  behind  it.  This  improvement  is.  however,  itself  optjn  to  the  olijectiuu 
ihal  the  imogea  of  the  greaie-apot  are  formed  by  refraction,  in  conaequence  of 
which  the  ima^t-'s  are  slightly  distorted,  a^nd,  what  is  far  worse,  they  may  l« 
chromatic. 

In  the  uuibor'a  o*ii  nrmngemeul,  two  prisms  ari-  taed  in  (ronl  of  the 
>cr*en,  Imt  their  fa«es  are  lo  cat  and  the;  are  placed  in  audi  a  position  that 
Ihe  imagei  of  the  two  sides  ot  the  greaN.sixit  are  formed  in  close  juxCapuaition 
bT  cay»  wliicb,  falling  normally  un  the  fiiat  face  ot  the  prism,  are  unaltered  in 
dirrclion ;  they  are  Iht'n  tlirice  t-iially  riifccied  Ii*om  the  interior  faces,  and 
SnaUy  come  out  normal  to  the  ilftli  fiice.  Tlie  two  priams  are  in  contact,  and 
in  front  of  the  facias  whence  issue  Ilic  rays  ia  &ied  a  tube,  closed  at  tliv  further 
■ud  hy  an  eye-piece,  which  ensures  tlie  obsei'»ei-'»  eye  being  exartly  in  the  plane 
til  ilie  Ki'ei'ii.  The  livid  o(  vie>v  i«  then  f  Jtautly  divided  id  the  eentri'  Ly  the 
JnnvLiiin  of  ilie  twi  prinmiti  and  if  the  i^rueti  is  corri^clly  placed,  tht  two 
iii)>([eB  of  the  grease-sjxit  will  lie  one  on  either  vide  of  the  medial  line  in 
Unniedjati:  conbict,  and  can  be  moHi  leadilj  compared  together. 


Ur.    L.    WEBEB— CURVES    FOIL    TUK    CAJ.UUI.ATIUX    tU'    THE 

ILLUJIINATING  POWER  OF  LI0UT8. 
l-EltktTOltehniiche  ZaUichrifl,  Vol.  6,  Se.  2,p.  SS,  18S6.) 
The  question  which  wo  most  want  to  solve  with  any  iHomiiiaii'  is  nut  so 
nucU  the  inlenaity  of  the  aoarci!  of  l:i;ht  lu  the  degree  of  ill utnination  which 
■1  will  glvt  (u  snrroundiug objects.  Xo  fni-'ilitjiiu  the  solution  of  this  queition, 
iliD  a»th'>f  bus  tonstrorlwl  a  diagmm  of  uurves,  fruui  n  meie  iuspeutiou  of 
which  it  cati  bu  seen  what  will  lie  the  illumination  given  lo  any  mcfuci:, 
Uuri»nU1ttrrerljft«J, Tyfli/^'/itof  inuwn  jiuwer.    Xhu  Piiku.l^Xi'Ju.^T  wVw'a 
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ihe  jiuthor  lias  worked  out  hh  Jiagram  iimy  be  briefly  resamed,  »nd  perhap* 
vue  coiiKtttK  example  may  make  the  mutter  more  clear. 

Imagine  a  Bonrce  of  light  p]Ace<l  at  n  height  y  above  anj'  borizontal  plane, 
and  tonaider  any  small  element  at  the  plane  surface  which  liei  at  a  diRtance  t 
fcoBi  the  fool  ijf  t.liB  perpendiculor  let  fall  from  the  light ;  let  r  he  the  distance 
from  the  li^ht  to  tlie  element  of  tho  surface,  i.e.,  r  is  the  hypoihenusa  of  a 
right-anglrd  iriangle,  of  which  a  is  the  base  and  y  the  porpendicnlar ;  let  the 
iLngle  at  incidence  of  the  light,  i.t^  the  angle  hatfrcen  r  and  the  vertical,  be  i, 
and  let  the  angle  between  r  and  o  ha  a,  so  that  sin,  a  ^  coa.  i.  Then  if  1  ii  the 
iniensiiy  of  the  sonrci'  nt  light,  and  Q  is  the  quantify  of  light  ou  the  element 
of  the  aurfoce/, 

V  -  =r        ■ 

or,  if  H  ii  the  illtimiuatioii  of  the  imali  element  of  surfaoe, 
„       1.  Rin.  a  I  .  V 

Examyle ;—i.  glow  lamp  whicli  gives  a  light  of  SB  candla-power  in  a 
lioriiontal  direction  was  found  to  give  3(>1M,  'JT-::,  l!2'fi!i.  33-32  under  the  anglei 
■Ji-tfi,  ib°,  lir-J",  ;"'"  respeetivi'ly,  as  measureit  below  tho  h'.irizontal  line. 
HuppuBu  this  lamp  placed  at  ii  heigljt  nf  <i*i^  m^ire  above  a  table,  what  is  the 
light  at  a  point  II'IT  mMre  from  the  fool  uf  the  itandard  carrying  the  lamp? 

It  will  be  found  Ihat  riseiiual  tol'n44mutro3,  and  hence  »in.  o.  —  -— —  nOTfiGT, 

ur  a  3  abuut  'Afi.    At  this  angle  tbe  illDminating  power  of  the  glow  lamp  is 

found  by  interpolation  to  be  about  2fl-2  caniilcB.    Hence  H  ~  " — t— iruii— — 

n  184ri  candles,  i.e.,  the  amouni  of  light  at  the  point  of  the  table  under 
consideration  in  the  <.inie  an  wonhl  be  ;riven  liy  ]s  l.'i  standaril  candles  al  a 
distance  of  I  mi-tre.  The  diBrp-am  i-f  iiirves  given  ivi'b  the  paper  ia  caletxlaiei! 
on  Iheas^ampiion  that  the  source  of  Jighv  liae  an  intensiiyof  100  standard 
tandJes;  and  by  reading  ibc  distances  in  metres  hnrizontaily  and  vertically, 
it  can  be  seen  at  a  glance  wliai  nnmber  of  candles  at  a  ilislanec  nf  ]  metre 
would  have  tlip  same  illuminating  jwwer, 


W.  PEUKEBT— RESIST AKCK  OP  THE  ELKCTBIC  ABC. 

(ZeiUehriflfUr  EleklmtKhnili,  Fof.  3,p.  Ill,  Itiflj.l 

The  qnnntitiM  measured  were  the  strength  of  !be  cnrrcm,  the  difference  of 
potential  belweEn  tlie  two  carbona,  and  the  distance  between  their  paints. 
For  meaEuring  the  ciirrenl,  one  of  Crompton  and  Kapp's  ammBtets  was  tued, 
which  had  been  previonsly  catibrat;ed ;  a  Siemens  torsion  galvanometer  was 
used  tor  mettduriug  the  difference  of  potential  between  the  carbons. 

Thu  leuyth  of  the  arc  was  determined  as  follows:— Uebiiid  the  lamp  was  a 
vertical  millimutre  scale,  the  carbons  were  i>laced  at  about  the  desired  distance 
apart,  and  then  tie  circuit  was  completed  by  bringing  a  third  carbon  between 
file  i/ther  tvrui  m  «oon  b.^  the  current  and  E.M.F,  bad  become  constant,  the 
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cnrrmt  wa.*  interrupted,  and  tlic  diftaoce  aparl  of  tiie  carbon  paiuU  wai  read 
OQ  the  milliinc'tre  icalc.  In  order  to  avoid  uny  erntri  wljicli  might  be  iniro- 
daeed  by  the  craler  furmed  iu  the  positive  carbon, — the  current  was  produced 
by  •  BiemeB!<  com  pound -'oromid  direct -current  machine, — the  carbons  were  flled 
to  a  [re»h  paint  before  eacii  meainrement. 

The  plotted  values  of  the  resUtances  aart  lengths  ot  are  appear  as  straight 
Imet,  whicli  do  not  [utan  through  tho  origin,  hut  start  at  some  distance  above  i1. 
It  was  found  that  the  lesiitAnce  conld  be  expresBed  by  a  linear  equation  of  rh» 
firm  R  -  o  +  R  L. 

For  the  several  »tri:ugths  of  current  used  iu  tlie  experimeul,  the  const&nta 
a  and  b  bad  the  values  shown  in  the  following  table : —  , 


CaiTOnt. 

a 

t 

10  amperes    

H'Rfi 

0-23 

15          

3-3 

ii'|:j 

20          „        

I-K 

oo« 

25 

1-3 

n-orn 

3y 

1-11 

^^^M 

The  dltlt  series  of  txperiments  do  not  permit  of  direct  companion  with  the 
other  four,  aa  the  carbons  had  been  chunged. 

The  resistance  uf  the  arc  therefore  con^iists  of  tvo  parts — of  a  constant 
qnantity  tor  the  aame  current,  and  of  a  quantity  which  iucrsaieB  with  the 
length  ot  th-;  arc. 

It  we  consider  that  the  resistance  repi-ssented  by  the  constant  a  is  due  to 
Ih?  pajsa^of  the  electricity  from  the  positive  carbon  to  the  air,  and  represent 
this  far  tinji  Motion  tiy  the  symbol  r,  thun 

whvre  Qia  the  wclioaal  area,  ajid  B  the  specific  resistance  of  thecurUini. 

The  nnmcrioal  values  found  m  the  above  Inble  for  —  show  that  this  resist- 
ance is  inversely  proportional  to  the  i«i.rengtli  of  the  corren',  and  coaflrm 
Dr.  O.  Fr61ich"s  view  that  the  sectional  area  of  thf  arc  increases  in  proportiou 
with  the  cnrrenl.     II,  tUeu,  we  put  Q  =  o  I,  we  have 


B  - 


r        SL 


K>  tbat  the  constant  h  -  — , 

The  Kiuations  formed  with  the  values  vt  a  and  b  given  in  the  above  table 
thow  that  b  decreases  more  rapidly  Lhau  the  current  insreaseR.  This  was  to 
he  expected,  since  with  stronger  rurrants,  in  conaequance  of  the  iiicri?aae  "I 
temperature,  the  conductivity  uf  the  carliun  is  increased,  and  the  heiited  air 
ilrell  ronducla  better. 

Un  the  supjK-ulian  that  a  i>ulangnlioa  take*  plawj  in  Uic  MO,we\ia.Nt\ax 


A 
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U  tlie  value  al,  aioreRI  -^  al  +  i.l.L,    II  Ilu*  value  a  I  i*  calculAtcii  frtim 

the  valuta  of  a  KXtil  I  in  lUc  foregoing  Ulile,  uc  find  a  mean  \a\ae  of  sn  volii. 
This  value,  wliicli  is  su  mncb  bigher  than  any  which  has  before  beeu  fonnd  for 
jnilari>atiou,si?cni9  to  prove  ciindunively  Ihat  ihetonHtanl  part  of  the  resistance 
of  the  arc  cannot  be  set  down  tt>  tbi.'  ca.aB«.  It  aeems,  therefore,  that  a  part 
ocly  of  the  apparent  renUtanceof  the  ore  can  be  considered  as  a  true  reiittanee, 
and  that  the  greater  part  is  dtie  to  a  nipchanical  resistance,  in  overcomiiiK 
which  a  part  of  the  energy  of  (he  cnrreat  ia  nsud  itp. 
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EBEATA. 

Mr,  F.  H,  Wright  has  pointed  out  to  me  ui  error  in  my  paper  on  the 
Theoi?  of  Altenrnting  OnrrentB,  in  Vol.  XIII.  On  page  GOS,  line  18,  omit  tfaa 
wordH" one-half  of,"  and  in  line  16,  read  "  also  "  tor  "however," 

J.  HoncnieoN. 

In  Captain  Sanliej's  paper  on  ElectroQrping,  in  Vol.  %TV.,  footnote  at 

■>   ..         .  ._  I      .Current,,        .„CQrrent„ 

hottom  of  page  5S,  for  «  — gjj—  "  «ad  "—^ — 
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FoaiuUd  1871.     Iiuxirjnmted  IS83. 
Tot.  XIV.  1886.  No.  57. 

The  One  Hundred  and  Forty-third  Ordinary  Geueral  Meeting 
of  the  Society  waa  held  at  the  Inatitution  of  Civil  Engineera, 
25,  Great  George  .Street,  Westminster,  on  Thursday,  26th 
March,  1885— C.  E.  SrAUNOLETTi,  Esq.,  M.  lust,  C.E.,  &c., 
President,  in  the  Chair. 

The  Secretarv  read  the  minutea  of  the  last  meeting. 

The  following  transfer  from  Student  to  Associate  vras  an- 
nounced:— Frederick  William  Ford. 

Donations  to  the  Library  were  announced  as  liaving  been 
received  since  the  last  meeting  from  the  following ; — The 
Board  of  Trade  ;  Mona.  E.  Mascart ;  J.  W.  Pearce,  Esq. ;  T.  Ishie, 
Foreign  Member;  Profesaor  Silvanus  Thompson,  Member. 

A  hearty  vote  of  thanks  was  accorded  to  the  donors. 

The  President  announced  that  the  Executive  Council  of  the 
International  Inventions  Exhibition  had  been  good  enough  to 
grant  to  members  of  the  Society  the  privilege  of  having  season 
Gckets  to  the  Exhibition  at  half-price,  and  intimated  that  a 
circular  would  be  issued  by  the  Secretary,  giving  details. 

The  to]]owing  paper  was  then  read  ; — 

roj^  XIV,  \z 


I8«  BEAT  OF  THE  ELECTEO-MOTIVE  POHCES        [Mar.  SSUi. 

OX  THE  SKAT  OF  THE  ELECTRO-MOTIVE  FORCES  tN 

A  VOLTAIC  CELL. 

By  Professor  Ouvee  J.  Lodge,  D.Sc. 

CoRTCiTTs. — 1.  SammBTy  of  the  theoretical  views  which  cwi  ha  agreed  to.  and 
of  the  remaiiiiag  points  in  (liBjiute. — 2.  Vi«wB  of  Olerk  Maxwell. — 3.  Arja- 
rnenl  that  the  Peltier  effect  ilues  not  necesearilj  meaiare  elwlro-motivp 
lorce  at  junctiona. — I.  Iljtlranlic  illustrat.ionH  of  the  difference  between 
Peltier  and  Volta  forces,  according  to  tlia  viewB  of  the  writer. — S.  Stuc- 
11UI17  of  condensed  Bt&teinentB  embodying  orthodox  tIgwi. — C.  Sutcmiint 
of  the  wrlter'a  ownTlewj,— 7.  Example  of  th«  calciiialionot  a  Volta  effect. 
8.  Attempt  to  metitallj  represent  the  action  of  almuEphere  on  metals  at 
the  instant  of  contact, — 9.  Galcnlal.ion  of  a  series  of  metal-atr  contact- 
forces,  i.e.,  of  an  absolute  Volta  series  in  air  or  water.— 10.  Calcnlation  of 
Tolta  series  in  other  media,  such  as  cblurine  and  mlphur.—ll.  Discussion 
and  hypothetical  esplunation  of  true  (or  tbermo .electric)  contncl-forc«, 
and  reason  why  for  inaulntors  it  is  large,  for  metals  small. — 12.  Thermo. 
elei:tric  contact-forces  between  metoia  and  electrolytes,  and  tSieory  of  Ihf 
common  or  simple  voltaic  cell.— 13.  yummnry  of  condeiieed  atatemcnt* 
embodjing  the  writer's  own  views,  first  for  aubstances  in  general,  and  then 
tor  metals. — 14.  Explanation  uf  the  last  of  the  above  statements.  Exampli' 
of  a  Peltier  series,  and  of  a  Thomson  Beriea ;  and  question  whether  thermo- 
electric eoutaet-forcH  depends  upon  chemical  tendency  or  whether  it  ii 
purely  physical.— 15.  Brief  sonomary  of  the  argument  relating  to  the  MB' 
of  electro-motive  force  in  the  pile. 

1.  A  long  Bummary  of  tlie  work  that  has  been  done  in  the 
observation  and  determination  of  what  are  called  "contact-forces," 
from  the  timeof  Volta  to  the  present,  is  printed  in  the  Pkih- 
sophictd  Mwjazine  for  the  current  month.  I  need  not  therefore 
repeat  any  of  this,  but,  assiiniing  it  known,  can  proceed  to  the 
results  of  the  survey,  which  may  be  summed  up  thus:  (1)  that 
there  is  certainly  an  E.SI.F.  at  the  junction  of  two  diflferenl 
substances,  or  even  of  the  same  substance  in  two  differftni 
states;  and  (2)  that  the  total  E.M.F.  of  a  circuit  is  the  algebraic 
sum  of  all  such  contact-forcea  at  every  junction  in  the  cuTuit.  1 
do  not  know  that  theae  two  propositions  could  be  passed  lum, 
con.,  but  I  believe  that,  provided  they  are  properly  understood, 
the  dissenting  minority  would  be  a  very  small  one, 

We  can  also  make  a  negative  proposition  which  will  command 

almost  univeriittl  assent — m.,  that  if  in  the  above  two  propositions. 

instead  of  the  ev.m  of  the  contact-toice  ai  eirtr^a  jvmcl\oii,we  attend 
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mly  to  the  contact-forces  at  the  vietallio  junctions,  tlie  propo- 
litions  will  no  longer  be  trae.  This  fact,  that  the  metallic 
jonctiong  are  insufBcient  to  account  for  all  the  E.M.F.,  was  estab- 
lished completely  by  Bec(|uerel,  De  la  Rive,  and  others,  aud  still 
wore  thoroughly  and  eshaustively  by  Faraday.  It  is  the  easiest 
possible  thing  to  make  a  number  of  batteries  which  shall  give  a 
onirent  without  any  metallic  junction  whatever.  Faraday  gives 
Eome  thirty  of  them.* 

One  more  certain  proposition  we  can  lay  dovm,  viz.,  that 
whenever  a  current  is  produced,  the  energy  of  the  current  must 
be  maintained  by  absoqition  of  heat,  or  by  chemical  action,  or  by 
gnvitj,  or  by  some  other  such  agent,  aot  by  mere  contact- 
So  mneh  being  agreed  to,  what  remains  as  subject-matter  for 
controversy?  This:  a  voltaic  circuit  contains  at  least  three 
jimctions ;  what  is  the  \alui3  of  the  contact  force  at  each  of  them, 
and  especially  to  wliich  junction  is  the  major  part  of  the  observed 
E.M.K.  due  ?  Is  it  the  zinc  acid  ?  or  is  it  the  copper  acid  ?  or  is 
it  the  2Jnc-copper?  There  is  no  other  question.  The  old 
chemical  and  contact  controversy  has  died  out,  but  another  con- 
Ifoversy  remains,  Most  physicists  probably  would  say  to-day  that 
tiie  major  part  of  the  E,>I.F.  of  the  cell  resides  at  the  zinc-copper 
junction.  This  was  Volta's  view,  and  this  is  the  view  of  the  text- 
hook  writers  taught  by  Sir  William  Thomson.  Some  few  would 
tty  at  the  zinc-acid  junction,  and  among  them  I  must  confess 
myself. 

It  is  no  ijueation  between  contact  and  something  else.  It  is 
n  question  between  a  passive  inert  metal-metal  contact  and  an 
wtive  energetic  metai-fluid  contact  with  potentiahties  of  chemical 
iclion  straining  across  the  junction.  What  is  there  to  distinguish 
between  the  two  ?     Electrostatic  experiments  with  air  condensers 

'Rtp.  Rit^  ii,  2020.  Dr.  J.  A.  Fleming  ileflcriben  aiiolher  of  tbidse  batteries 
a  PMI.  Mao.,  Jane,  1874,  and  gives  some  very  cogent  and  readable  argomenls 
a  Ckvoitr  of  the  "chemical  thenry"  o(  battery  E.M.F.,  suggeating  that  Uie 
tlBcrence  ot  potential  between  the  terminala  of  a  battery  on  open  circuit  U 
Ine  to  potential  cheniiuil  comtiiui^tion  ui  'he  metnli  and  clecliolylca.  He  does 
lol,  however, ejtplaia  the  old  Tolta  experiment;  and,  as  I'rufKSBor  Clirystal  has 
flatted  <nii  (Xnev.  Brit.,  urt.  "Electricity,"  ji.  89),  uxiholdeta  gf  the  <iteui\.'i»\ 
ihmyry  xn  boiui)  to  explain  tbit. 
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prove  nothing.  They  add  up  three  E.M.r.'6,  air/M  +  M;'M'  + 
M'/air,  and  give  yon  the  sum.  The  experimenters  usually  assume 
that  M/M'  ia  what  they  are  measuring,  but  there  is  no  proof  to 
be  given  in  supiwrt  of  the  assumption,  except  that  if  you  sub- 
stitute water  for  air  the  effect  remains  almost  unaltered;  but 
then  water  contains  oxygen  as  the  active  element,  the  same  as  air 
does.  Well,  then,  it  may  be  urged,  the  effect  is  the  same  in 
vacuo  and  in  hydrogen  as  in  air;  and  to  this  I  answer,  Xot  proven. 

Can  any  farther  assertions  be  made  with  reference  to  electro- 
scopic  experiments  as  bearing  on  voltaic  theory?  Yes;  it  can  be 
asserted  that  by  adding  up  the  Volta  effects  for  A/B,  for  B/C,  for 
C/D  .  .  .,  and  for  Z/A,  you  arrive  at  the  total  E.M.F.  of  the 
circuit  A,  B,  C  .  .  .A.     True ;  but  what  then  ? 

The  Volta  effect  you  call  A/B  ia  really     air/A  +  A/B  +  B/air; 

that  you  call  B/C  is  air/B  +  B/C  +  C/air; 


and  that  you  call  Z/A  is  air/Z  +  Z/A  +  A/aJr. 

Add  them  up  and  you  get  A/B  +  B/C  +.  .  .  +  Z/A, 

which  must  be  the  E.RI.F.  of  a  current  by  common  sense— i.e^ 
without  violent  exjjerimeatal  disproof,  which  no  one  has  ever 
attempted  to  give.  This  fact,  that  the  sum  of  the  A'olta  effects 
equal  the  sum  of  the  true  forces  in  a  closed  circuit  of  any  materials, 
has  nevertheless  caused  persons  to  suppose  that  air/metal  forces 
are  negUgibly  small.  But  it  is  clear  that  they  may  have  any 
value  they  like  without  affecting  tlie  truth  of  the  law.  The  only 
way  they  could  affect  it  would  be  for  air/M  not  to  be  equal  to 
—  M/air.  The  experimental  proof  of  the  summation  law,  there- 
fore, establishes  that  air/M  is  equal  to  —  M/air,  as  well  as  tie 
important  fact  that  the  contact-force  at  each  junction  is  inde- 
pendent of  all  other  junctions  of  what  kind  soever, 

2.  Leaving  electrostatic  determinations  as  without  bearing  on 
the  point  at  issue,  let  us  ask,  Is  there  no  direct  and  straightfor- 
ward way  of  measuring  the  actiial  E.M.F.  at  a  particular  junction 
without  disturbance  from  other  junctions  ?  The  answer  is  most 
clearly  given  by  Clerk  JIaxwell,  thus : — ' 

•  ■' EUctricily  and  MBgneliBm,"  Vol.  L,,  art.  2*9.  Abbrensted  abote 
becnateio  eatf  ot  reference. 
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"SirW.  Thomson  has  shown  that  if  IT  is  the  coefficient  of 
ehier  effect,  or  the  heat  absorbed  at  the  junction  by  unit  current 
1  unit  time,  then  J  11  is  the  E.M.F.  at  that  junction  acting  with 
fie  current  ■  This  is  of  great  imiJortance,  as  it  is  the  only  method 
f  measuring  r  local  E.JI.F.;  the  ordinary  method  of  connecting 
ip  by  wires  to  an  electrometer  being  useless.  This  Peltier 
aeasnremenf  is  quite  iudei>enden(:  of  the  effect  of  con  tact- forces 
n  other  parts  of  the  circuit.  But  the  E.M.P'.  does  not  account 
or  Voltft's  force,  which  is  far  greater  and  often  opposite.  Hence, 
lie  iii<sumption  that  the  potential  of  a  metal  is  to  be  measured 
)j  that  of  the  air  in  contact  witli  it  must  be  erroneous,  and  the 
greater  part  of  Volta's  E.M.F.  must  be  sought  for,  not  at  the 
{unction  of  the  two  metals,  but  at  one  or  both  of  the  surfaces 
•bich  separate  the  metals  from  the  air  or  other  medium  which 
Ibnns  the  third  element  in  the  circuit," 

And  in  another  place  be  saya : — • 

"  In  a  voltaic  circuit  the  sum  of  the  E.SLF.'s  from  zinc  to 
electrol^'te,  from  electrolyte  to  copper,  and  from  copper  to  zinc, 
f  not  zero,  but  is  what  is  called  the  E  M.F.  of  the  circuit — a 
leasurable  quantity.  Of  these  three  E..'\I.F."s  only  one  can  be 
keasnred  by  a  legitimate  process — that,  namely,  from  copiier  to 
inc.  If  we  cause  an  electric  current  to  pass  from  copper  to  zinc, 
le  heat  generated  in  the  conductor  per  unit  of  electricity  is  a 
teasure  of  the  work  done  by  the  current,  for  no  chemical  or  other 
liange  is  effecte<i.  Part  of  this  heat  arises  from  the  work  done 
1  overcoming  ordinary  resistance  within  the  copper  and  the  zinc. 
his  part  may  be  diminished  indefinitely  by  letting  the  eleutricity 
us  very  slowly.  The  remainder  of  the  heat  arises  from  the  work 
ODe  in  overcoming  the  E.M.F.  from  the  Zn  to  the  Cu,  and  the 
mount  of  this  heat  per  unit  of  electricity  is  a  measure  of  the 
i.M.F.  Now,  it  is  found  by  thermo-electric  csperimeuts  that 
lis  E.M.F.  is  exceedingly  small  at  ordinary  temj>erature,  being 
•as  than  a  microvolt,  and  that  it  is  froru  zinc  to  coppert  Hence 
le  st&tement  deduced  from  esporiments  in  which  air  is  the  third 

•  MssweJ).    Ijetter  to  the  Electrician,  April  36, 1870. 

f  ForUier  un  ((  U)  1  poiot  out  that  thm  stEitL-ment  ia  oot  qnit«  true,  Imt  il 
M  not  sffcct  UiB  m^n  argameat. 
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medium,  that  the  E,>LF.  from  copper  to  zinc  is  '75  volt,  OHimot 
be  correct.  In  fact,  what  is  really  measured  is  the  difference 
between  the  potential  in  air  near  the  surface  of  copper  and  the 
potential  in  air  near  the  surface  of  zinc,  the  zinc  and  copper  beiag 
in  contact.  The  number  "75  is  therefore  the  E.M.F.,  in  volts,  of 
the  circuit  copper,  zinc,  air,  copper,  and  is  the  sum  of  three 
E.M.F.'8,  only  one  of  which  has  yet  been  measured." 

With  every  word  of  ilaiwell  I  cordially  agree. 

3.  Pellat,  however,  considers  the  Peltier  effect  to  be  qtiite 
distinct  from  and  have  no  relation  to  the  true  E.M.F.  of  contact. 
In  explaining  this  he  makes  use  of  a.  piece  of  unpleasantly  plau- 
sible reasoning,  whioh  I  myself  have  heard  Professor  Ayrton  use, 
and  which,  when  unexpectedly  suggested,  is  so  painfully  benumb- 
ing that  it  is  worth  while  to  quote  it  and  to  indicate  its  weak 
point.  Pellat's  stati'raent  of  the  argument  is  rather  long ;  perhaps 
it  can  with  advantage  be  abbreviated. 

Two  metals,  A  and  B,  put  into  contact  are  at  different 
potentials,  the  difference  A/B  being  due  to  and  equal  to  the 
E.M.F.  of  contact.  There  is  then  at  the  junction,  not  only  the 
contact-force  E,  but  also  the  equal  opposite  force  —  dV,  due  t« 
the  difference  of  potential  established.  Either  of  these  forces 
alone  would  resist  or  aid  the  passage  of  electricity  across  the 
junction,  and  so  give  rise  to  a  Peltier  effect,  but  both  together 
will  do  nothing  of  the  sort;  and  so,  if  there  be  any  Peltier  effect, 
it  roust  be  some  small  residual  phenomenon,  or  it  must  be  due  to 
some  other  and  totally  distinct  cause* 

Professor  Ayrton's  way  of  putting  the  argument,  which  I  think 
he  said  he  got  from  Sir  William  Thomson,  is  something  like  this. 
WTien  Q  units  of  electricity  are  transmitted  against  a  force  E, 
work  E  Q  is  done ;  also  when  they  are  transmitted  up  a  difference 
of  potential  V  —  V,  work  IJ  (V  —  V)  is  done;  but,  in  an  open 
circuit  containing  an  electro-motive  junction,  V  —  V  is  produced 
by  and  is  equal  to  E.     Hence,  at  an  electro-motive  junction  no 

•  Tho»  it  may  be,  sugguBtt  Pellat,  due  to  a  alight  difference  between  E  and 
—  dT,  produpefl  by  the  mere  fact  i.f  a  cnrreiit  pasBiiig — 1,>.,  contact  E.MJ'. 
with  electricity'  at  rest  may  be  aligbtly  different  1c  what  it  ia  with  etectricit; 
in  motion. 
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work  need  be  done  by  a  current ;  in  other  words,  the  existenije  or 
Qou-e.tistence  of  a  Peltier  effect  has  nothing  to  do  with  the 
existence  or  non-exietence  of  a  local  E.SI.F. 

The  fallacy  of  the  argument  in  this  latter  forna  lies  in  the 
over-preciw  sj»eci6cation  of  locality ;  It  gratuitously  asserts  as 
true  for  the  junction  what  ia  only  proved  to  be  true  for  the  whole 
dTcuit.  And  the  former  mode  of  stating  the  argument  likewise 
erred  in  assuming  that  there  could  be  no  work  done  at  a  junction 
if  it  were  perfectly  easy  to  drive  electricity  either  way  across  it — 
(',&,  if  there  were  no  work  done  on  the  whole. 

4.  To  exhibit  the  fallacy,  consider  a  hyih'ostatic  analog}".  Two 
veeaels  of  water  connected  by  a  pipe  in  which  is  a  motor  of  some 
kind,  which  without  leakage  exerts  a  specified  force  on  tlie  water 
and  maintains  a  constant  difference  of  ix)t.entials,  but  then 
remains  stationary,  doing  no  further  work.  We  t^-jiify  it  feebly 
in  the  diagram  by  an  impmcticnble  close-fitting  water-wheel 
driven  by  a  weight  without  friction. 

A  I    B 

-V 


Fig.  I, 
U.vdniMatic  analogue  (i[  tbe  true  contact  or  Seebeck  force,  and  of  the  real 
UioQgh  imall  difference  of  potential  whicti  it  inainUiiis  betw«eu  two 
nelala  in  contncl.  W  i«  a  weight  driving  a  water-ti^Lt  nlieol  until 
•topped  by  the  difference  o{  potential  set  ap.  The  bydrauUc  railing  or 
loweriog  of  Ihe  weight  repreieuta  the  Fultier  effect. 

V  —  V  is  the  equivalent  of  the  force  exerted  at  the  junction, 
and  everything  ia  in  equilibrium.  It  is  perfectly  easy  for  water 
to  tlow  from  one  vessel  Into  the  other  under  the  influence  of  the 
Eltght«6t  extm  force,  for  \V  heljis  the  water  up  the  hill  V  —  V, 
when  the  flow  is  in  that  direction;  and  whenever  t\ie  ftni:  w 
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reversed  it  lets  the  water  gently  down  again,  taking  all  its  energy 
out  of  it.  If  water  is  made  to  flow  from  A  to  B,  saj,  by  pouring 
more  into  A,  the  weight  W  is  lowered  or  energy  disappears  (heat 
absorbed)  at  the  junction ;  if  it  is  made  to  flow  (rom  B  to  A  the 
weight  is  raisedi  or  energy  (say  heat)  is  generated  at  the  junction, 
Thus  there  is  a  true  Peltier  effect  at  the  junction,  despite  the 
existence  of  V  —  V  and  its  equality  to  the  junction  force,  and 
yet  no  resistance  is  olTered  to  the  flow  of  water  either  way.  Thus 
is  the  first  form  of  the  argument  controverted. 

To  pump  water  from  A  to  B  by  any  other  pipe  would  need 
work  to  be  done  equal  to  Q  (V  —  V),  and  to  pump  water  against 
the  force  of  W.  acting  alone,  would  also  need  work  E  Q;  but  wheu 
the  water  goes  from  A  to  B  via  W,  or  vice  uersii,  no  work  is  done 
on  the  whole.  Quite  true :  but  the  conclusion  that  no  work  ia 
done  at  the  junction  by  no  means  follows.  Work  must  be  done 
at  the  junction  in  proportion  to  the  force  there  (by  inspection  of 
the  diagram),  and  accordingly  the  existence  or  non-esJstence  of  a 
Peltier  effect  has  everijthing  to  do  with  the  existence  or  non- 
existence of  a  local  E.M.F,  This  controverts  the  second  form  of 
the  argument. 

If  the  argument  be  now  considered  upset,  are  we  to  proceed 
to  assert  that  the  difference  of  potential,  or  force,  concerned  in 
the  Volta  effect,  and  the  heat  destruction  or  generation  concerned 
in  the  Peltier  effect,  are  closely  connected,  and  in  fact  different 
ways  of  observing  the  same  thing?  By  no  means.  All  we  have 
proved  is  that  the  Peltier  effect  accurately  and  necessarily  repre- 
sents and  measures  the  true  contact  force  at  a  junction.  True,  we 
have  considered  a  difference  of  potent.ia!  V  —  V  as  produced  by 
this  contact-force  in  an  incomplete  circuit,  and  so  it  is;  but 
notliing  has  been  said  to  imply  that  this  difference  of  potential 
has  anything  to  do  with  what  is  observed  in  electrostatic  experi- 
ments as  the  Volta  effect.  So  far  from  this  I  will  assert  that  what 
is  usually  observed  when  two  metals  are  touched  and  separated  is 
not  primarily  a  difference  of  potential  between  the  metals  at  all. 
They  are  at  different  potentials  when  separated,  no  doubt,  because 
they  are  oppositely  charged;  but  they  may  have  been  at  the 
same  potential  until  separated.     The  real  Volta  effect  is  almost 
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independent  of  the  true  contact-force,  and  of  the  difference  of 
ential  which  it  produces.     In  other  words,  a  good  Volta  effect 
be  observed  when  tliere  was  no  difference  of  jiotential  what- 
;rer  between  the  metals  when  in  contact. 

According  to  my  view  the  Volta  effect  ia  produced,  not  bj  a 
contact-force  at  the  junction  of  the  two  metals,  but  by  a  contact- 
force  at  their  free  surfaces,  between  the  metals  and  the  air  or 
other  medium  surronndiug  them.     To  represent  this  hypothesis 
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IvSraatatic  utiaJogne  of  the  Volta  effect,,  or  npporent  difference  of  potential 
produced  by  metallic  contact,  and  of  the  oppoflite  charges  bat  uniform 
potential  which  it  niaintains  belween  the  metali  in  contact.  The  vewels 
are  coveted  by  air-tight  elastic  hags  differently  atretched. 

by  a  hydrostatic  model  we  shall  have  to  maintain  the  difference 
of  level  in  the  two  eonnectetl  vessels,  not  by  a  force  at  the  junc- 
tion, but  by  a  force  at  the  surfaces ;  say,  by  using  closed  vessels 
and  compressed  air,  or,  more  pictorially,  by  differently  stretched 
^elastic  membranes  or  bladders  tied  over  the  tops  of  the  vessels. 
Note  that  the  difference  of  level  in  this  case  implies  no  dif- 
erence  of  potential,  and,  as  before,  no  work  is  required  to  transfer 
■ater  between  a  and  h.  Hence  it  is  not  easy  to  distinguish 
is  caee  from  the  foi-mer,  and  this  difficulty  of  distinguishing 
between  the  two  cases  is  what  has  given  rise  to  most  of  the  con- 
fusion. The  only  easy  criterion  is  the  non-existence  in  the  second 
case  of  any  Peltier  effect  at  the  junction  c.  Xaturolly  it  is 
[jossible  and  common  for  the  two  effects  to  be  superposed,  but 
,ey  are  essentially  independent. 
Since  the  two  vessels  in   the  second  case  ate  at  tt\&  csi&e^ 
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potential,  tlie  way  to  observe  tlie  effect  is  to  cnt  and  seal  ibe  {lipi 
at  c,   and  then  show  that  the  vessels  are   differently  cliargea 
which  is  what  Vollti  did.     The  model  does  not  indeed  represenl 
the  gradual  change  of  potential  induced  as  the  distance  betweeq 
the  condenser  plates  increases,  and  it  is  scarcely  worth  while  td 
complicate  the  matter  by  malcing  a  more  elaborate  model.     The 
thickening  of  the  dielectric  layer  of  a  condenser,  when  its  plates 
are  separated,  corresponds  exactly  to  the  thickening  and  strength- 
ening of  an  elastic  membrane,  and  rise  of  potential  in  the  o 
ease  is  accurately  representable  by  increase  of  pressure  in  thi 
other;  but  such  considerations  belong  to  general  eleetrostati 
and  have  no  special  bearing  on  our  present  subject. 

3.  The  following  notes  or  condensed  statements  are  intended 
to  be  critically  exact  fallowing,  of  course,  for  mistakes  and  possible 
slips),  so  as  to  boar  analysis,  and  hence  it  is  probably  worth  whil' 
to  reproduce  them  hero  with  notes  and  comments. 

I. — OfiTHODOX  StATEMESTS   BELIEVED   BY  THE  WbITER  TO  BE  THU| 
IS  THE  FOlUd   HERE  SET   DOWN. 

A.—VoUa. 

j.  Two  metals  in  contact  ordinarily  acquire  opposite  chargei 
For  instance,  clean  zinc  receives  a  positive  charge  by  contact  witl 
copper,  of  such  a  magnitude  as  would  be  otherwise  produce 
under  the  same  circumstances  by  an  E.M.F.  of  about  '8  volt.* 

ii.  This  apparent  contact  E.M.F.,  or  "  Volta  force,"'  ia  inde 
pendent  of  all   other  ■mdallic   contacts  wheresoever  arranged] 
hence  the  metals  can  be  arranged  in  a  numerical  series  such  tha 
the  "contact-force"  of  any  two  is  equal  to  the  difference  of  thfl 
numbers  attached  to  tliem,   whether  the   contact  be  direct 
through  intermediate  metids.     But  whether  this  series  cbaii| 
when  the  atmosphere,* or  medium  aurrounding  the  metal,  changes, 
is  an  open  question.     On  the  one  side  are  experiments  of  De  U^| 
Bive,  Brown,  Schultze-Berge ;  on  the  other  side,  of  Pfaff,  Pellat, 
Thomson,  A'on  Zahn.     It  certainly  changes  when  the  free  metallic 

*  Observe  tliHt  it  is  not  ta\A  that  two  metals  in  contact  acquire  diSerea<^B 
poteutiala.    Buch  diffarencB  of  potential  I  believe  to  be  onljr  Hpparent.    Oom- 
p»n  Fig».  I  and  2. 
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surfaces  are  in  the  slightest  degree  oxidised  or  otherwise  dirty. 
And  in  general  this  "  Volta  fore*  "  is  very  dependent  on  all  non- 
metallic  contacts. 

iii.  In  a  closed  chain  of  tvay  substances  whatever,  the  resultant 
E.M.F.  is  the  algebraic  sum  of  the  Volla  forces  measured  electri>- 
statically  in  air  for  every  junctiou  in  the  chain — neglecting 
tragnetic  or  impressed  E.M.F.  [Verified  most  completely  by 
Ayrton  and  Perry.] 

B, — Tkomsan. 

iv.  The  E.M.F.  in  any  closed  circuit  is  equal  to  the  energy 
conferred  on  unit  electricity  as  it  flows  round  it. 

[Keglect  magnetic  or  impreBsed  E.M.P.  in  what  tollows.] 

V.  At  the  junction  of  two  metalw,  any  energy  conferred  on,  or 
withdrawn  from,  the  current  must  be  in  the  form  of  heat.  At 
the  junction  of  any  substance  with  an  electrolyte,  energy  may  be 
conveyed  to  or  from  the  current  at  the  expense  of  chemical  action 
as  well  as  of  heat. 

vi.  In  a  circuit  of  uniform  temperature,  if  metallic,  the  sum 
of  the  E.M.F.'s  is  zero  by  the  second  law  of  therm o-dyn am i cs ;  if 
partly  electrolytic,  the  sum  of  the  E.M.F.'s  is  equal  to  the  suia  of 
the  energies  of  chemical  action  going  on  ^>er  unit  current  per 
second. 

vii.  In  any  closed  conducting  circuit,  the  total  intrinsic  E.^I.F. 
is  equal  to  the  dynamical  value  of  the  sum  of  the  chemical 
actions  going  on  per  unit  electricity  conveyed  (S'JSe),  diminished 
by  the  energy  expended  in  algebraically  generating  reversible 
heat. 

viii.  The  locality  of  any  E.M.F.  may  be  detected,  and  its 
amount  measured,  by  observing  the  reversible  heat  or  other  form 
of  energy  there  producerl  or  absorbed  per  unit  current  jier  second. 
[This  is  held  by  Maxwell,  but  possibly  not  by  Thomson,*  though 
its  establishment  is  due  to  him.] 


*  The  only  rtiLBon  tvhicli  I  can  tbink  of  aa  like!  j  to  have  cansed  Sir 
Willtatn  to  doubt  or  deny  tha  validity  uf  this  proposition  ia  given,  and  1  ho^ra 
refuted,  at  tectitmt  3  aad  4. 
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II.— Statements  beueved  by  the  Writee  to  be  False, 

TROCGS   ORTQODOX.  ^| 

ix.  Two  metals  in  air  or  water  or  dilute  acid,  but  not  in 
contact,  are  practically  at  the  same  potential,  [Sir  Wm. 
Thomson,  Clifton,  Pellat.J 
I  X.  Two  mefcala  in  contact  are  at  Beriously  diflferent  potentials 
(i.e.,  diEferences  of  potential  greater  than  such  millivoltB  as 
are  concerned  in  thermo-electricity).  [Thia  is  held  by  nearly 
everybody.]* 

I  si.  The  contact  force  between  a  metal  and  a  dielectric,  or 
between  a  metal  and  an  electrofj-le  such  as  water  and  dilute  acid, 
is  small.  [Ayrton  and  Perry,  (.'lifton,  Pellat,  and  probably  Sir 
W'm.  Thomson.] 

6.  Before  proceeding  to  the  statements  embodying  my  own 
views,  it  may  be  more  inleresting  if  I  try  to  explain  in  a  fuller 
and  more  connected  manner  what  they  are. 

Let  OS  regard  the  air  as  a  dielectric  bath  of  oxygen,  in  which 
metals  are  immersefl,  and  picture  a  piece  of  zinc  surrounded  by 
oxygen  molecules  which  are  straining  at  it,  and  endeavouring  to 
combine  with  it.  They  may  indeed  partially  succeed ;  but 
suppose  they  do  not,  we  have  here  a  strong  potential  chemical 
action  or  chemical  strain,  wliich  must  probably  be  accompanied 
by  some  physical  phenomenon.  Now  remember  that  oxygen  is 
an  electro-negative  element ;  and  without  endeavouring  to 
examine  too  precisely  what  signification  is  involved  in  that 
atatement,  it  will  be  not  out  of  accord  with  ortho<los  views  if  we 
assume  that  it  means  that  at  least  any  dissociated  oxygen  atoms 
are  negatively  charged,  each  witt  the  characteristic  charge  of  a 
free  dyad  atom.     Granting  something  ecjuivalcnt  to  this,  without 

•It  is  much  more  natural  to  euppose  that  tbe  potenliftl  of  a  neUillia 
conductur  i»  ntilfonn,  nhctlter  it  is  homugeDeoiu  or  not.  ludtieil,H  ii  not  only 
more  uatunil,  but  it  is  true,  that  two  parU  of  a  ooniluetor  eon  ouly  differ  in 
potential  by  reasoti  of  an  E.M.F,  located  at  the  junction.  Now  there  uanally 
in  an  E.M.F.  at  a  junction,  but  it  is  only  of  such  a  luagTutude  aa  is  concerned  in 
thermo-electricity.  This,  indeed,  does  produce  a  difference  of  potential  between 
the  mel&li.  but  nothing  else  can. 

Both  Mr,  Sprngoe  and  Mr.  Beaiiaide  have  published  «tal«nient»  yery 
aucJi  in  accord  with  vlutt  I  oonsiiler  the  true  view  ot  the  aotiyity  of  tbe  pile. 
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presGiDg  the  form  of  expression  too  closely,  we  perceive  that  the 
straia  of  the  oxygen  towards  the  zinc  will  result  in  what  I 
metaphorically  call  a  filackeniDg  up,  or  attempted  compression,  of 
the  negative  electricity  in  it,  i.e.,  to  a  rise  of  negative  [Kitential. 
We  may  therefore  say  that  zinc  ia  at  a  lower  potential  than  the 
air  surrouDding  it,  and  that  the  step  of  potential  in  crossing  the 
boundary  from  zinc  to  air  is  closely  connected  with  the  chemical 
affinity  between  zinc  and  oxygen.  Observe  that  this  step  of 
potential  does  not  obviously  nor  probably  depend  on  the  amount 
of  oxygen  present.  It  is  possible  that  a  few  million  molecules 
may  be  as  effective  as  a  large  number.  Note  also  that  the  steji 
of  potential  is  by  no  means  caused  by  actual  oxidation  :  in  so  far 
as  the  zinc  surface  is  tarnished  by  oxidation  the  strain  will  be 
diminished  and  the  step  of  potential  become  less. 

Nothing  is  said  here  about  the  possible  effect  of  the  nitrogen, 
because  it  ia  simplest  in  the  first  instance  to  ignore  it,  though 
whether  experiment  will  justify  this  simplicity  or  not,  I  do  not 
yet  know. 

We  may  go  farther,  and  assert  that  if  in  general  the  chemical 
affinity  of  two  substances  can  be  measured  by  their  energies  of 
combination,  then  the  step  of  potential  in  the  present  case  may 
perhaps  be  calculable  from  the  heat  of  combustion  of  zinc. 

And  one  may  justify  this  assertion  thus.  Let  an  atom  of 
oxygen  combine  with  an  atom  of  zinc  ;  it  will  generate  an  amount 
of  heat,  k,  and  its  characteristic  charge,  q,  will  be  given  up  to  the 
zinc  and  will  thereby  fall  dowa  the  step  of  potential,  v,  which 
separates  the  zinc  from  the  air.  Kow,  if  we  suiipoae  that  the  heat, 
k,  is  the  representative  and  equivalent  of  the  fall  of  energy,  rj  v, 
it  follows  of  course  that 

• 

Make  the  hypothesis  and  see  what  comes  of  it, 

7.  The  oxidation  energy  of  zinc  per  gramme-equivalent  (i.?,, 
65  grammes  of  zinc  or  16  of  oxygen)  is,  according  to  the  deter- 
minations of  Julius  Thomsen,  Andrews,  and  Favre  and  Silber- 
m&an,  85,430,  84,825,  and  83,915  respectively. 

The  ainoant  of  electricity    needed  to  de^aW,   a    ^msnafe- 
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equivalent  of  zinc,  or  of  any  dyad  element,  is,  according  to  th« 
modem  determination  of  Lord  Rayleigh,'  19,320  unite. 

Hence  the  value  of-,  which  is  a  ratio  e\identlj  indejiendent 

of  the  number  of  atoms  dealt  with,  lies  between  iSJ]'  and 
lUU  probably.    T^t  ub  say  it  is  <i^'iU,  «r  4-4. 

Now  J  in  absolute  measure  is  42  X  10°;  so  the  value  of  v,  accord- 
ing to  the  above  hypothesis,  comes  out  1'85  x  10*,  that  is,  1-85  volts. 

This,  then,  I  say,  is  the  step  of  potential  between  zinc  and  air. 
To  avoid  circumlocution  I  will  speak  as  if  (he  above  hypotiiesis 
were  admittedly  true,  and  all  I  now  say  stands  or  falls  with  it.) 

All  clean  bright  zinc  is  thus  about  1-8  volts  below  the  poten- 
tial of  the  air  near  it :  tarnished  or  osidised  zinc  will  exhibit  less 
difference,  and  it  is  perhaps  possible  that  perfectly  oxidised  zinc 
need  show  no  difference  of  potential  at  all  between  itself  and  the 
air.  Thesfepof  potential  by  no  means  therefore  dei>end8  U[ion(he 
occurrence  of  osidation ;  it  is  the  oxidation  tindency  which  causes 
it,  but  so  far  as  oxidation  actually  tjikes  place  the  step  diminishes. 

Proceed  to  consider  a  piece  of  copper  similarly.  Oxygen 
molecules  are  straining  at  it  also,  but  with  less  force.  The  com- 
bustion energy  of  copper  per  gramme  equivalent  is  given  by  I  he 
three  authorities  already  quoted  as  37,lfiO,  38,290,  and  43,7iO 
respectively.  These  do  not  agree  well,  and  it  is  difficult  to  know 
which  to  take;  but  Thomsen's  results  are,  I  tieUeve,  generally 
relied  on,  so,  assuming  his,  the  step  of  potential  between  copjwr 

and  air  will  be  — nT^^j^ —  \o\ts — that  is,  about  -8  volt.     This, 

then,  is  the  amount  by  which  clean  bright  copper  differs  from  the 
air.  Oxidised  copper  will  differ  less.  ComjMiring  this  value  for 
copper  with  that  just  obtained  from  zinc,  we  perceive  that  a  piece 
of  zinc  and  a  piece  of  copper  are,  when  separate,  not  at  the  same 
potential ;  they  difffir  by  about  a  volt  from  each  other. 

Now  pat  the  zinc  and  copper  into  dhect  metallic  contact,  and 
neglect  for  the  presentthe  thirdof  a  millivolt  of  E.M.F.  developed 

•''4'025  f^mmPa  .jIsilvetaroaepoBiteilbyaii  Ampire  current  in  an  hour." 

2tonfrm>l  A-idrtis.    Tliia  gives  lh«  eliM:t.r(M;hi.'mical  equivalent  of  cilrer  -01118, 

aad  othjdn^en  ■O00lo:]5-J. 
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at  the  junction,  which  acts  so  as  to  drive  positive  electricity  from 
copper  to  zinc,  A  ruah  of  electricity  must  take  place  from  the 
copper  to  the  zinc  to  equalise  their  potential ;  it  is  imjjossihle 
tliat  they  can  remain  at  different  potentials  when  directly  united : 
all  parts  of  a  conductor  must  he  at  a  uniform  potential,  and  the 
rush  has  taken  place  because  they  were  not  so  when  put  into 
contact, 

8.  Picturing  to  ourselves  the  effect  as  produced  by  the 
straining  oxygen  iitoms,  we  shall  perceive  that  they  could  not  get 
at  either  metal  when  sejiarate :  first,  because  they  surrounded 
it  everywhere,  and  strained  equally  on  all  sides ;  and  second, 
be-cause  being  all  charged  with  negative  electricity  they  could 
not  move  in  on  all  sides  at  once  without,  so  to  spi-ak,  compressing 
the  electricity  in  the  body  and  giving  it  an  absolute  charge.  But 
directly  the  copper  touched  the  zinc  the  oxygen  atoms  were 
cleared  away  at  the  point  of  contact,  and  the  stress  of  those  at  the 
rest  of  its  surface  was  no  longer  counterbalanced.  Sloreover,  they 
ean  now  all  move  nearer  to  the  zinc,  because  a  way  of  escape  for 
electricity  is  provided  into  the  copper,  whose  surrounding  osygen 
atoms  will  be  thus  driven  hack  somewhat  further  from  the  surface ; 
until  the  dielectric  strain,  assisting  the  chemical  strain  on  the 
copper  surface  and  opposing  it  on.  the  zinc  surface,  prevents  fur- 
ther dis^ilacement,  and  eqiulibrium  1.=:  again  attained.  The 
electricity  which  escaped  from  the  zinc  to  the  copper  was  negative 
electricity  (oJcygen  being  essentially  an  electro-negative  element]  ; 
the  negatively  charged  oxygen  atoms  have  moved  a  little  nearer 
to  the  zinc  than  their  normal  distance — i.e.,  the  thickness  of  its 
Layer  of  negative  electricity  is  reduced,  or  its  sm'face  is  i)ositively 
charged;  the  negative  layer  on  the  copper  lias  been  slightly 
thickened — its  surface  ia  negatively  charged. 

This  is  a  pictorial  way  of  representing  the  process,  and  may  be 
regarded  as  somewhat  fanciful ;  it.  is,  however,  the  way  in  which 
the  theory  originally  occurred  to  roe,  and  it  permits  more  insight 
into  the  processes  than  a  mere  statement  in  terms  of  potential 
can ;  though  it  may  well  he  that  the  imagined  processes  are  but 
distAnt  likenesses  of  the  real  ones. 

The  ojygea  atoms  have  moved  nearer  to  tUe  rxaa:  \\.\s'ncr« 
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more  easily  oxidised  than  before ;  the  copper,  on  the  other  handy 
is  by  contact  with  zinc  somewhat  protected. 

Observe  that  the  contact  has  not  developed  any  force;  it  has 
only,  by  sweeping  away  the  oxygen  from  the  point  of  contact,  enabled 
previously  existing  forces  to  do  work  and  prodnce  their  effect. 

The  air  siuroundiug  the  metals  in  contact  is  in  a  state  of 
sliglit  dielectric  straiti,  such  as  would  be  produced  by  two  pieces 
of  any  one  metul  of  similar  size  and  position,  charged  so  as  to 
differ  in  potential  from  each  other  by  a.  volt. 

Zinc  and  copper  plates  in  contact  may  therefore  be  regarded 
as  the  plates  of  a  condenser,  but  they  form  a  peculiar  condenser, 
for  they  are  no(  really  at  different  jwtentials ;  the  whole  step  of 
potential  wliicli  throws  the  air  into  its  state  of  dielectric  strain 
is  located  on  their  bounding  surfaces. 

9.  Let  us  now   calculate   a  series  of  metal-air  contact  forces 

from  the  heals  of  combustion  ;  remembering  that  all  we  have  to 

do,  in  order  to  convert  heata  of  combustion  per  dyad  gramme- 

19320  X 10* 
equivalent  into  volts,  is  to  divide  by    ^^xlO'   '  ^^^^  '^'  '^^'  ^^>'^''^- 

But  the  decision  as  to  what  numbers  wo  shall  take  to  represent 
heata  of  combustion  is  a  matter  of  some  difficulty,  for  not  only  i)^| 
the  numbers  obtained  by  different  observers  for  the  same  reaction 
differ,  sometimes  considerably,  but  it  is  not  obvious,  when  different 
oxides  are  formed,  which  of  them  we  are  to  consider  as  mcst 
applicable  to  the  case  of  the  Volta  experiment.  Perhaps  oQ' 
should  take  the  most  common  or  stable  oxide ;  perhaps,  seeing 
that  no  combination  is  supjiosed  actually  to  occur,  and  since  the 
metal  is,  so  to  speak,  in  excess,  it  ia  moat  reasonable  to  take  the 
lowest  oxide  which  the  substance  will  form.  It  may  be  that  the 
data  are  not  knoivn  for  this;  it  may  even  be  that  they  have  onl; 
been  obtained  for  the  hydrate  instead  of  for  the  oxide, 

I  must  therefore  do  the  best  I  can,  and  quote  several  numbers 
wherever  there  is  obvious  doubt.  I  imagine  that  J.  Thomsen's 
are  the  most  reliable  when  they  are  a\'ailable. 

But  it  must  be  remembered  all  through,  that  since  it  is  onl; 
the  iendenci/  to  chemical  action  which  is  the  cause  of  the  Voli 
effect,  whereas  combination  heats  ate  oH«iaedh^  ijermitting 
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causing  tlie  (.'om  hi  nation  to  actually  occnr,  the  numbers  obtained 
by  calculation  are  not  likely  to  be  quite  riglit ;  and  they  may  be 
expected  to  err  on  the  side  of  excess,  the  calculated  number  being 
higher  tbon  the  actual  value  if  liircctly  ohser\ed. 

Smffgy  of  Com&iniittoii  of  Mtlali  Kith  Otngeii. 
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1 

Alidi«iira 

63,448 

1« 

■  Vii-M...    ...    ... 

TbamsEn 

flD,S40 

1-33 

'   lulwU...     .„     ... 

C0.0,H,O 

fi 

63,400 

1-38 

r       cu.o 

37.160 

■81 

1 

AmlreivB 

38.290 

-83 

'  Uapp«r       

F.  and  8. 

43,770 

-96 

Tliumeta 

4fl,ai0 

-89 

Juule 

37,486 

'81 

Mercury    

Thomsen 

30,660 
4-',iO0 

■U7 
-92 

Silver 

Ag7,U 

It 

B,900 

-13 

\ 

F.  nod  S. 

13.326 

•27 

"••"  I  liquid 

Thomseu 

118,360 

1-49 

jt 

78,000 

1-70 

' 

Hrilragen 

"          \ 

Dalong.  H«ss.^ 

Graasi,  Joulf,  > 

Bertheliil      ) 

7!'.60O 

171 

!                  i 

Boitktmaai 

(      K     0,Aq 

1        K,.(l 

Tbomaen 
Woods 

164,560 
136,000 

3-.ll> 
2'9S 

(    Xa.,li,Aq 

Thomson 

l.i5,200 

3-36 

Soclinm      

\       N«„U 

Woods 

15l,600* 

8'ia 

\.                    " 

Hy]joUttkaI 

13J,0D0 

3-82 

OUctoin     

(        Ci*,0 

Tbumsen 

131,360 

2'8S 

1     (V),Aq 

,, 

149,400 

3'24 

Buintii      

(        Bs,i> 

„ 

130,880 

281 

;      Un.l'.Aq 
1     Pr,O.Aq 

?* 

1SS,260 

— 

Struutiiirii 

130,9t<0 
167,780 

3-84 
8-41 

Magirwium 

Mp.U 

11 

14G,a60 

816 

[*alt^it.tiiiiii ,..     ^,. 

Pd,U,H  11 

It 

23,710 

■50 

Cailmun]! 

(.■d.n.H  It 

11 

85,660 

l-tt 

Tlialliiiiii    

TL.n 

n 

49,240 

-92 

Maiignnrse 

Mli,0,H,0 
UA1,.0   Sll.O) 

Ll     0,.\q 

!  (AVU.) 

n 

94,770 

3-OS 

,\luiiiiiiiuin 

•t 

139,600 

2-8t 

I.iUiium     

T1 

166.620 

8-63 

Arwnic      

BiarouUi     

WOOllB 

61,630 

I3,aoo 

i-ia 

-39 

•  TIii»    unmber   for    Bodic  oxide   agreoa  with   TliomsM>u'8  vnlue   (or    tlie 
bylmUd  midi^.  whereas  for  K,  Ba,  Sr,  Cn.  tliu  oiida  ia  diatinclfy  bolow  ihe 
ll  j'drate.     Ilv  aiiulofiy,  one  would  eipect  to  havB  to  aublracl  Bonie  lIiSlW)  Ituiiv 
ihe  h.vdniipJ  oxide  .V3..0,-lq,  and  tli:»  given  the  130,000  whkh  \  W.K.  4owtv  ■\% 
M  til polJietiral ntunber  far  .Vfl.,0. 

wt.  xn:  '  ;4 
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Xuinbers  obtained  from  unsatisfactory  oxides  and  hydrates, 
like  those  of  aluminium,  arsenic,  and  bismut)i,  are  not  likely  to  be 
useful  for  our  present  jiurpoae.  I  know  of  no  better  datn  yet 
available,  however. 

It  is  now  easy  to  write  down  a  Volta  series  obtained  by  jjure 
calculation  from  heats  of  combustion.  We  can  then  see  how  far 
it  agrees  with  the  results  of  direct  experiment.  The  principle  on 
which  I  determine  which  of  the  iireceding  numbers  to  select  is 
simply  to  choose  Tbomsen's  when  it  refers  to  the  simplest  oxide, 
and  in  other  cases  to  take  what  one  can  get.  Metals  about  which 
there  is  obrious  uncertainty,  as,  for  instance,  sodium,  almiiiniani, 
biswath,  etc.,  are  omitted.     I  only  take  the  common  oues. 


Caimlalti  VoUa  Strlti. 


Litblum  andUagDeainin... 

30 

Niokel    „ 

Votanium    

3  95 

Lead      „. 

t'ulcinm,  etc 

L'-8* 

Thallium 

Zioc      

1-85 

Topper  ... 

Iron      

1-04 

Mercury 

Tin 

146 

I'alladiaiii 

Cadmium     

l'J3 

Silver    ... 

Cobalt   

1-38 

...  i-sa 

...  I-IB 

...  -93 

...  -fli 

...  -a? 

...  -6 

...  -13 


To  com{mre  this  series  with  those  ohtiiined  by  experiment,  we 
may  as  well  take  zinc  as  the  metal  of  reference,  and  write  down 
t  lie  Volta  effect  between  it  and  the  other  metals,  first  as  abstracted 
fiom  the  above  table,  and  then  as  found  by  different  observers. 
iStrictly,  one  ought  first  to  subtract  Peltier  forces  from  the 
observed  numbers  before  comparing  them  witli  theory,  but  these 
forces  are  too  small  to  make  any  appreciable  difference. 

CaniporiMti  of  CalciiUttiim  a  ith  Eiparimenl. —  t  'olia  Sff*^'  >»  ^i''- 


idcuii  roll. 

CiilcLjlatod  fmn 

ObMnadbf 

I'SllBt. 

Ayrton  and  Pctt7. 

(.'URoa. 

Colabn^llDn. 

Clsiui. 

Boniohed 

Using 

Com. 
m(trcJ4l 

ZlllD. 

Unilltf 

BUntUd 
Zlno. 

— 

Zino — 

Tin       

■3S 

■2r. 

-35 

■28 

-46 

_ 

Lead     ...     ... 

■70  or   -6:. 

■15 

-31 

■ao 

-30 

_ 

iron      

'31  or    i 

'5G 

■rn 

-co 

■7* 

7B 

Nifhel 

■R! 

-17 

■63 



. 

, 

Ciijiper 

1-01  or    -9 

-71 

-8G 

7B 

■89 

■8S 

Mercury 

118 

— 

^ 

1-06 

1-20 

1-OT 

Silver 

l-e;  or  1-68 

■91 

Ma 





/ 

Flatinam     ... 

— 

— , 

— 

■M 

113 

— 

^ 

^d 

less,] 
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Tilt;  a.ttematire  calculated  number  sometiotes  given,  is  merely 
to  show  the  kind  of  variation  probable  in  those  cases  from  un- 
certainty of  data.  In  each  case  of  agreement  the  calculated 
number  U  a  little  higher  than  the  observed,  aa  was  to  be  expected. 
No  reason  occurs  to  me  for  the  breakdown,  aud  np|jarent  inter- 
change, ia  the  case  of  lead  and  iron  but  such  vague  guesses  as 
may  occur  to  every  one. 

Sleasurements  of  the  E.M.F.  between  clean  metals  plunged 
into  distilled  water  or  weak  acid  have  been  made  by  Clifton  and 
Beetz.*     [  suppose  one  is  justified  in  calling  them — 

Yolta  EfocU  in  Watm: 


UeiBl  PdIi- 

Heal  of 
ComblDntioD. 

OtawTTsd  by 

Bcetl. 

CURoD. 

Zuic — 

Copper     

SilVBi-       

plalinniu        

Sodiniu  Amalgitm — 

Zinc 

Copper     

Silver       

Platmam 

10 
1-7 
1-8  or  leas 

1-0 

2'|i 

2-8 

•88 
1-23 

1-52 

■78 
179 

2-05 
2-31 

■s^  to  -93 

1-3  [Suii'e) 

It  mnst  be  remembered  that  it  is  not  relative  numbers  only 
that  we  have  ca!;;ulated,  hut  absolute;  and  the  fact  that  the 
beats  of  combustion  reduced  to  volts  are  numbers  of  the  same 
oi-der  of  magnitude  as  the  Volta  effects,  is  of  itself  a  strong  eon- 
tinnntiun  of  the  belief  that  chemical  strain  at  the  air  contacts 
is  the  real  cause  of  the  apparent  contact-force  at  the  junction  of 
two  metals. 

The  agreement  of  ttie  numbers,  though  not  exact,  seems  to 
me  too  close  to  be  the  result  of  accident.  One  may,  I  think, 
claim  that  the  hypothesis  whence  the  calculated  numbers  ore 
obtained  is  justitieil  by  the  figures  ns  far  as  they  go. 

•iteete.  Ana.  dtr  Physik,  S.,  348, 1860. 
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Volta  Effect  m  other  Gases. 

10.  Not  many  measureraenta  of  metal  pairs  have  been  made, 
even  in  the  air ;  for  mere  [lerniutationa  such  as  copper-tin,  tin- 
silver,  etc.,  follow  at  once  from  the  numbers  given  above,  by 
Volta's  series  law ;  but  in  gases  other  than  air  one  has  at  present 
no  esperimental  guidance,  beyond  the  barest  qualitative  one 
given  by  Wr.  Brown,  that  copper-nickel  reverses  its  sign  when 
changed  from  air  to  hydrochloric  acid,  and  that  copper-iron  is 
reversed  in  sulphuretted  hydrogen.  But  satisfactory  observation 
in  these  gases  is  difficult,  because  they  not  only  tend  to  attack 
the  plates,  but  they  do  attack  them ;  and  so  a  film  is  formed  an^f 
eveiything  is  rendered  imcertaiu.  ^" 

Another  complication  results  Irom  the  fact,  that  when  metals 
are  taken  out  of  air  and  put  into  a  foreign  gas,  they  are  alresdj^l 
coated  with  a  film  of  oxygen,  and  it  is  not  clear  in  what  way  this 
will  affect  the  action  of  the  new  gas.     It  may  have  to  be  replaced 
almost  by  substitution;  the  aiEuity  to  be  considered  in  chlorine, 
for  instance,  being  something  like  M,CI,  —  M,0.     In  a  compound 
like  H,C1,  the  hydrogen  may  have  to  be  provided  for,  the  reBulting 
chemical  strain  being,  for  iustance,  ]M,C'I,  — M,0  +  H„0— 2  (H,C1); 
but  the  consideration  of  the  hydrogen  affinities  will  not  affect 
differences,  aud  therefore  vrill   leave  comjmrisons  with  experimeii^| 
unaffected.     Taking  the  metjils  as  clean,  however,  and  without^ 
air  films,  we  must  suppose  the  following  series  to  be  right : — 

Enerijia  bJ  Cdoibinalim  i>l  MeMi  viith  CMoHnt;  amd  Calcutofed  Yalla  Stria 

in  thai  Om. 


IMbL 


Ziuc 

Lead 

IrrJU 

Nickel       ... 
Copper 

Mercuiy   ... 
Silver 
Hydrogen,.. 
Ptilassiuni 
BtuUniu     ... 


MQlaooln. 


Zn.Ol, 
PD,OJ, 

Fe.Cl, 

Ca,0]. 

Hg,C], 

acAs.cij 

2(H,C1) 
2(K,C1) 
2(Sa.Cll 


Aatliarlt}-. 


Thomsen 
Thomsen 

ThuiDat'n 

Mo  datu 

Thomsen 

Thomsen 

Tlioraseii 

Tliomseu 

TbomBen 

TUOIDM-Il 


Hfbi  nt 
C«iiblniil.lgn. 


&7.31Q 
82,770 

82,050 

Ei.euo 

63,1  SO 

58.760 

44,000 

211.220 


OatniMetf 
ToUkBadn  . 

tnTOlO. 


1-1 
la 
1-78 

M9 
I'SS 

I  as 

•96 
4-63 
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This  series  will  hold,  aa  far  as  differences  are  concerned,  for 
hydrochloric  acid  also ;  because,  whatever  effect  the  hydrogen 
af&nity  may  have  in  changing  the  numbers,  it  will  have  the  same 
effect  on  all. 

It  is  easy  to  write  down  the  hypothetical  series  in  bromine 
and  iodine  in  the  same  nay : — 

Calevinlti  YoUa  Serin  in  Sromiiu  and  lodina. 


Uaial. 

Id  BrDuinc- 

InlBdlna. 

FutRMiUDl         

Zinc 

I*ad 

surer      

Copper     ...     

Hjdrogen       

3-86 
1-Tt 
1-40 

1-11) 
■89 
•40 

8-fiO 
■87 

■no 

-■13 

All  this  supposes  the  metals  to  be  perfectly  clean,  and  not 
coveretl  with  a  film  of  a  foreign  gas  like  oxygen.  On  the  hypo- 
Ihesis  that  the  metal  has  been  taken  recently  out  of  air,  and  that 
Ihe  film  of  oxygen  with  which  it  ie  covered  has  to  be  torn  from 
the  metal,  though  it  was  not  actually  combined  with  it,  the  Volta 
series  in  chlorine  or  hydrochloric  acid  would  be  quite  different, 
and  more  like  this : — 


U'/poihtticai  Totta  Serin  of  Air-coatad  ^ataU  in  Chlorine  or  HCl. 


Silver  ...     , 



..      1-B 

Copper 

Lead    ...    . 



..     1-2 

Zinc    . 

Iron     ...    . 

.    ■-■    .■■ 

..      11 

■9 
■86 


^H  Unfortunately,  I  can  get  no  data  for  the  beat  of  chlorination 
of  nickel,  but  assuming  it  not  very  different  Irora  iron,  the  above 
series  gives  copper  nickel  in  the  right  order,  aa  observed  by  Mr. 
Brown,  whereas  the  other  one  did  not.  I  have  no  experiments 
with  which  to  compare  the  numbers. 
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Calealalad  Volta  Serif  0/  Clean  MelaU  in  Buliihw  or  SulphvrtUeii  Sydragen, 


UetaL 

tli?at  of  Snlpnrl- 

Vulu. 

Potatsium       

Zinc 

Iron 

Lead.. 

Cripjitr      

Silver       

Hydnigen        

9I,2re 
ilfiBO 
3S,eCG 
19,112 
le,26S 
11,018 
5,182 

1-95 
■87 
■76 
■« 
■39 
■S4 
■12 

But  it  will  be  observed  that  this  is  nothiog  like  the  order 
ubsei-ved  in  Bulphuretted  hydrogen;  it  h  popiilorly  known  tbat 
copper  is  more  easily  sulphurised  in  this  gaa  than  iron.  Now, 
assuming  that  the  metal  had  been  covered  with  air  fihas,  and  that. 
the  oxygen  of  this  has  to  be  replaced  by  sulphur,  the  chemical 
tendency,  instead  ofbeing  M,S,  is  something  more  like  M,S— M,0, 
ji  uc-poSsibly  >r,S— M,0  +  H„0 — H„S;  and  either  of  these  will  give 
,  a  ijuite  different  order.  Data  are  given  on  p.  624  of  Naumann's 
','Graehn-lCraut,"  Vol,  I.,  for  the  neutralisation  heats  of  various 
Ijafles  by  H„S,  soeb  as  Cu,0  + 1  r„S,  etc.  These  are  something  like 
vbat  we  want,  and  from  them  we  reckon  the  following : — 

Ugpothrliail  Volta  Serif,  in  SulpJmr  or  SatpkurtUed  Hijifnigiv,  ofMeJaOir 
Oriiha,  and postihlji  0/ Air-coaled  ilelali. 


Mcf»l, 

Hflftt  of  ReuctEon 

M,0+H,.S  =  M,S  + 

K„0. 

Volb.. 

Silver       

5B,aoo 

ISO 

Mercury 

18,700 

101 

Copper     

31,600 

-68 

Lead 

26,600 

■B7 

Zinc 

19,£U0 

■41 

Iron „     ,„ 

14,600 

■31 

Sodium    ...     , 

7,700 

■IG 

The  series  so  obtained  gives  copper  and  iron  in  their  proper 

order;  but  it  ia  ecajcely  likely  to  be  really  correct,  because  it 

assumes  that   the  oxides  of  the  metals  are  exposed  to  the  gas 

rather  than  the  metals  themseWes.     It  is  t^uite  possible  that  it  is 
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not  very  incorrect  for  tai-nished  metals — i.e.,  metals  coated  with 
a  film  of  oxide  ;  bat  for  ordinary  clean  metals,  coated,  not  with  ft 
film  of  oxide,  bat  with  a  film  of  oxygen,  it.  is  notbing  bnt  a  rough 
approximation,  given  bfcause  we  ba\e  no  better  data. 

It  is  to  be  noted  that,  as  the  film  of  oxygen  diffuses  away,  the 
Volta  effect  depending  on  it  must  diminish,  until  at  length  the 
active  affinity  enusing  the  chemical  slraiu  is  notliing  more  than 
M,S,  or  perhaps  ]\I,S  —  H^S.  A  gmdtial  falling-off  and  uHiraate 
even  reversal  of  sign  was  observed  by  Mr,  Brown  in  both  H,C1  and 
HftS.  In  80  far  as  actual  chemical  action  occurs  and  a  film  of 
chloride  or  aalphide  forms,  so  far  of  course  also  will  the  effect 
diminish ;  because  it  depends  essentially  on  the  unsatisfied 
chemical  strain,  not  on  the  accomplished  chemical  action. 

For  a  summary  of  the  views  here  ex^iressed,  see  section  1 3. 

11.  Having  now  explained  why  I  believe  the  main  jjart  of  the 
Volta  effect  to  take  its  rise  at  an  E.M.F.  of  contact  between  metal 
and  medium,  rather  than  between  metal  and  metal,  it  remains  to 
consider  whether  this  belief  requires  one  to  assert  that  there  ie  no 
true  contact-force  at  all  at  the  junction  of  two  metals.  By  no 
means — the  existence  of  such  a  force  is  undoubted;  but  for  metals 
it.  is  asually  very  small,  and  may  be  neglected  in  comparison  with 
the  Volta  force,  though,  stri<.'tly  speaking,  what  is  obser\'ed  elec- 
trogcopically  is  a  mixture  of  the  two.  It  is  this  tnie  contact-force 
which  gives  rise  to  the  Peltier  effect,  and  its  variation  with  tem- 
perature (assisted  by  the  Thomson  effect )  causes  thermo-electric 
currents.  A  contact-force  exists,  as  Thomson  has  shown,  not  only 
at  the  junction  of  two  different  metals,  but  also  between  parts  of 
the  same  metal  at  different  temperatures. 

In  another  place*  I  have  endea\oured  to  gain  some  insight 
into  the  nature  of  tlus  true  contact-force,  and  to  suggest  its 
cause,  ThL''  has  been  done  by  many  others ;  but  I  may  be 
permitted  to  repeat  my  own  notion — vague  and  incomplete 
tiiongh  it  avowedly  is. 

Moleculeaof  matter  do  not  move  in  independence  of  electricity; 
at  any  rate  the  converse  is  certainly  true — electricity  does  not 

»PM.  Jf a;.,  Decembar  (inppl.),  1876,  "On  n  Mechaoical  Illustration  ot 
Tbcmo-eleetric  PheiioutPUA." 
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move  independently  of  matter.  Electricity,  in  flowing  through  a 
wire,  meets  with  resistance ;  there  is  something  analogous  to 
friction  between  the  matter  aud  the  electricity,  imd  the  opposing 
force  is  preciaely  proportional  to  the  strength  of  the  current. 
This  luucli  is  expressed  by  Olim'a  law,  E  =  RC,  which  is  a  care- 
fully verified  through  empirical  statement.  But,  analysing  R 
into   specific   resistance  of  material   {p)  and   sectional   aiea   of 

Q 

conductor,  and  penaitting  ourselves  to  regard  -; —  as  propor- 
tional to  the  velocity  of  electricity  in  a  circuit  of  diflferent 
thicknesses,  we  perceive  that  Ohm's  law  means  that 

^=px  velocity. 

Let  us  then  postulate,  between  electricity  and  any  given  kind 
of  conducting  matter,  a,  connection  which  shows  itself  as  an 
E.M.F.  proportional  to  the  sjieed  of  flieir  relative  motion  and  to 
the  specific  resistance  of  the  material.  Molecules  of  matter  are 
not  at  rest,  but  (say)  vibrating  at  a  rate  depending  on,  or  rather 
itself  determining  the  temperature.  These  motions  cannot  be 
independent  of  electricity,  but  they  result  in  no  force  urging  it  to 
flow,  because  their  motions  are  symmet  rical.  But  place  two 
metals  in  contact — one  hot,  the  other  cold;  or  one  copper,  the 
other  kon — at  the  junction,  symmetry  disappears  :  there  must  be 
constraint  and  accommodation  ;  aud,  in  whatever  precise  way  this 
acts,  it  seems  probable  that  it  can  be  concotved  of  as  baWng  the 
same  effect  as  a  layer  of  molecules  moving  faster  on  their  outward 
journey  than  on  their  return.  If  any  such  dissymmetry  of 
velocity  were  produced,  it  would  exert  a  propelUng  force  on 
electricity*  in  the  direction  of  the  greatest  velocity,  because  the 
force  is  proportional  to  the  velocity.  Tliis  is  the  way  in  which  1 
picture  to  myself  the  Seebeck  or  true  contact-force — the  cause  of 
thermo-electricity  and  of  the  Peltier  phenomenon. 

But  now,  why  is  this  force  so  small  in  ordinary  metals  ? 
Because  it  depends  on  p,  the  specific  resistance,  and  this  is  small. 

*  1  do  nut.  Bay  uuCfs^Brily  on  jxinliid  cieclricity.  It  aetiiii  a  com  plica  ti  on, 
but  Sir  William's  rusearches  show  tliat  it  u  positive  in  sotae  metals  and  nega- 
Uve  in  others.  In  the  cuse  of  lead  onlj:  doei  the  grip  on  both  electricitiM 
eem  tlwsiime. 
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loose  badly-conducting  metals  liie  biamutli  and  antimony,  or^ 

better,  selenium  and  tellurium,  and  tbe  force  will  be  greatly 

increased.      Choose  so-called  non-c:onductors,  like  glass  and  silk 

^^bonite,  and  it  becomes  enormous.     But   when   one   uses  oon- 

^Honductors  we  cannot  expect  to  excite  currents  flowing  in  closed 

^HUtiuits — we  can  only  expect  electrical  displacement  and  electro- 

dfalie   jdienomena;    and   indeed   it  is   no  sucb  easy  matter  for 

I  electricity  to  move  in  such  substances,  even  though  the  force 
nrging  it  be  excessive  ;  and  a  little  mechanical  violence  (friction) 
pay  be  necessary  to  help  it  to  move.  But  remember  that  no 
amount  of  friction  can  determine  the  motion  in  one  direction 
rather  than  another :  working  the  pump  barrel  exhausts  no  air 
unless  there  are  \-alves.  Friction  may  supply  some  of  the  energy, 
biit  the  directing  force  must  be  in  the  subatances  in  contact,*  To 
assist  the  passage  it  is  customary  in  electrical  machines  to  touch 
together  a  conductor  and  insulator  rather  than  two  insulators.  I 
doubt  not  that  when  metal  touches  glass  the  surface  of  contact 
would  become  chilled  as  soon  as  any  transfer  of  electricity  were 
really  produced  by  the  force;  but  the  heat  developed,  by  the 
friction  apparently  necesaaiy  to  aid  the  transfer,  effectually 
.askfi  any  chilling. 
The  measurement  of  contact-forces  in  the  case  of  insulators  is 
^Jeset  with  difliculties,  because  it  is  so  difficult  to  make  electricity 
^Hbs9  across  the  junction.  No  limit  to  the  force  has  at  present 
been  observed ;  whenever  an  electrical  machine  reaches  its  limit 
and  refuses  to  charge  its  prime  conductor  or  a  Leyden  jar  to  a 
higher  potential,  it  is  accounted  for  by  saying  that  the  rate  of 
leakage  ia  now  equal  to  the  rate  of  production  (which  is  undeni- 
ably true),  but  nothing  is  said  about  whether  the  rate  of 
jiroduction  is  the  same  as  it  was  when  the  jar  was  uncharged.  It 
U  a  difEcult  matter  to  settle,  because  most  of  the  leakage  takes 


■» 


Mr.  JoBepli  Tliolnsoii  (Free.  Hoy.  8oe.,  1876)  umieavuurB  to  estend  ordinary 
tact  mutluKlH  ti)  DOD-cciiiluclun.  Eb  viat  liardJy  liknty  tu  get  very  clear 
nsnlti ;  but  lie  wns  iiblp  til  find  some  definite  electrical  transfer  as  tlie  result 
i>f  men  contact,  it  it  lie  ailmitted  that  it  in  p-Assible  to  apply  mere  coDlacl  and 
ni-  iwrt  or  kind  of  violence,  n  Buppaaitlon  which  ia  probably  marlmi^ible ;  and 
letwt  violence  deitrojs  oil  novelty  and  aends  ub  bacV  lo  'C\ia\M. 
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place  close  to  the  rubber;  and,  though  it  is  quite  possible,  it  is 
unlUtpIy,  that  a  limit  to  the  force  will  be  diBcovercd  by  the  tree 

rate  of  proJtiction  of  a  frictional  machine  being  found  less  at 
high  potentials  than  at  ]ovr.  When  the  substances  in  contact  are 
two  metals,  it  is  impossible  for  them  to  drive  electricity  very  bnrd, 
for  it  would,  so  to  speak,  slip  througli  their  fingers ;  but  when  an 
insulator  is  concerned,  its  grip  is  so  great  that  probably  there  is 
no  limit  to  the  force  until  its  insulating  power  is  overcome,  and 
through  it  also  electricity  begins  to  slip.  Certainly  any  ujiper 
limit  must,  be  a  very  high  one,  for  the  force  can  readily  pile  up  a 
charge  till  it  produces  sparks  a  foot  or  more  long. 

'fl'hether.  Volta  forces,  or  contact-forces  between  substances 
and  the  medium  surrounding  them,  exist  for  insulators  also,  we 
do  not  know:  we  have  no  reason  whatever  to  deny  their 
exiHtence;  but  whereas  in  the  case  of  metals  these  exceeded 
the  forces  acting  between  the  substances  themselves,  here 
in  the  case  of  insulators  they  are  absolutely  negligible  by 
comparison.  Kor  intermediate  instances  they  may  have  corres- 
pondingly important  values,  and  it  seems  not  unlikely  that  at  the 
junction  of  metals  with  electrolytes,  and  of  electrolytes  with  one 
another,  the  total  contact  force  may  be  a  complex  one — partly- 
chemical,  and  due  to  the  jjossibilities  of  chemical  action  straining 
across  the  junction ;  partly  physical,  and  due  to  different  velocity 
of  the  molecules. 

12.  The  preliminary  experiments  of  Bouty  liave  caused  him 
to  believe  in  the  existence  of  physical  contact-forces,  at  the 
junction  of  metals  with  electrolytes,  which  cannot  be  brought 
into  harmony  with  energies  of  chemical  action.  And  though  the 
subject  is  too  unexplored  in  thiu  direction  to  be  ripe  for  discussion, 
it  may  be  well  to  [loint.  out  that  these  con  tact -forces  are  impurtant 
in  the  theory  of  the  Volta  pile,  even  in  its  simplest  form. 

Viliy  is  the  E.M.F.  of  a  zinc-copper  battery  less  than  that  of 
a  zinc'-platinuni  ? 

Wiy  is  the  E.JLF.  of  a  zinc-lead  or  -iron  battery  smaller  than 
either  ? 

The  same  chemical  action  goes  on  in  each — zinc  is  dissolved 
at  one  end  and  hydrogen   liberated  at  the  other;  how  then  can 
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the  E,Jl.F.  be  tliffert-nt  if  it  is  calculable  from  the  chemical 
reactions  ?" 

If  we  picture  to  ourselves  the  actual  forces  in  action,  we  shall 
get  a  kind  of  answer  indicated  to  us.  In  a  zinc-iron  cell  the 
E.M.F.  is  due  to  the  zinc  pulling  at  oxygen  harder  than  the  iron 
les;  bat  since  the  iron  does  pull  too,  with  no  inconsiderable 
ength,  the  balance  of  force  is  not  so  great  as  if  the  iron  were 
replaced  bj  copper,  which  pulls  less,  or  by  platinum,  which  barely 
pnlls  at  all  until  it  is  coated  and  alloyed  with  hydrogen. 

This  answer  cannot  be  considered  as  complete,  and,  in  order  to 
complete  it,  consider  a  more  precise  experiment. 

Arrange  a  series  of  common  dilute  acid  voltaineters  with 
their  plates  respectively  zinc-zinc,  zinc-iron,  zinc-copper,  and 
zinc-platinum.  Pass  one  current  tLrongh  the  scries  from  zinc  to 
the  other  metal,  and  measure  the  dilferences  of  poteutiiil  between 
the  plates  in  each  cell.  Now  the  same  chemical  action  is  going 
on  in  eaub.  In  each,  zinc  is  dissolved  at  one  side  and  hydrogen 
evolved  at  the  other^ — the  only  difference  being  that  it  is  liberated 
■cm  fiurfaces  of  zinc,  iron,  copper,  platinum,  in  the  four  cases, 
ow  what  is  to  prevent  the  E,M,F,  between  the  terminals  of  each 
voltameter  Ironi  being  the  same  ?  But  it  is  not  the  same  {pact 
Prof.  Exiier).  The  zinc-zinc  cell  shows  the  greatest  difference 
of  jxiteutial  between  its  terminals,  the  zinc-iron  less,  and  the 
anc-platinum  may  easily  show  a  reverse  difference,  because  it 
lielpa  the  current  on  instead  of  hindering  it.  It  will  be  under- 
stood that,  the  precise  behaviour  of  the  cells  is  determined  by 
the  intensity  of  the  current  {i.e.,  current  per  area) — if  it  is  weak, 
even  the  zinc-iron  cell  may  help  it  on,  but  the  zinc-platinum  will 

Pip  it  on  most ;  if  it  is  very  strong,  even  the  zinc-platinum  will 
aril  it,  but  the  others  will  retard  it  more,  and  the  zinc-zinc 
-^ 
•  Profetsor  Esncr  cuts  this  knot  in   fharaclcriatic  fanhion,  by  assertiog 

ronadljr  tlin-t.  tljt  E.M.K.  of  all  snch  culls  is  the  sume,  iiud  tbac  it  initttera 

ji»thiDj{  wliat  metal  i»  up|HiflKd  to  tUe  Kiuc  I'l  A  cell  ao  long  a.i  it  iloes  not  alter 

t]i6  cbeniicul  uction  gaiu^  in.    B.e  furtlier  aesorlK  tLui  all  liutt^ries  are  non- 

^jjolarisable  nnd  4uile  eonnliint,  aa  booh  as  tliej  liavu  ttut  rid  of  disBoIvedair 

^^|Bd  before  snlpbute  cif  zino  hm  occamulated.    He  veriflea  theeo  extraordinary 

^^HuMMi^  ^  three  signsBeaixt  Ogareg,  by  atraigbtturwavA  eKperKmetA. 
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Now,  why  is  all  this  ?  Take  the  difference  between  the  beats 
of  formation  of  Zn,Sf),  and  the  decomposition  of  Hj,SC>j,  at  the 
comma,  and  you  will  have  the  total  energy  liberated  by  the 
current  in  each  cell,  in  addition  to  the  mere  KC  frictional  genera- 
tion of  heat  common  to  all  conductors.  This  energy  is  the  same 
in  all  the  celk,  but  not  in  all  does  it  take  the  same  form.  In  the 
zinc-platinum  cell  it  maiuly  results  in  driring  the  current  forward. 
In  the  zinc-zinc  cell  it  wholly  results  in  a  Peltier  (or  Joulo  and 
Bouty)  generation  of  heat.  In  going  out  of  the  cell  by  the 
cathode  zinc  plate,  it  has  to  move  hydrogen  towards  it,  and  (ipeo 
facto)  oxygen  away  from  it,  in  ojiposilion  lo  the  strong  chemical 
attraction  ;  thus  it  will  do  work  and  generate  energy,  which, 
since  there  is  nothing  better  to  do,  most  exhibit  itself  as  heat. 
At  the  iron  surface  less  heat  is  generated,  and  at  the  copper  less 
still;  hut  at  any  cathode  which  attracts  oxygen,  some  heat  must 
be  generated  by  a  current  made  to  do  work  in  opposition  to  this 
attraction. 

In  the  zinc-zinc  cells  there  is  no  propulsion  of  electricity  at  all 
by  the  ceil:  on  one  side,  where  the  current  enters,  zinc  is 
dissolved  and  the  current  helped  forward  with  the  ftiU  energy 
(or  nearly  the  full  energy)  of  the  combination,  so  that  no  (or 
nearly  no)  waste  energy  or  heat  is  there  produced;  but  on  the 
other  side,  where  the  current  leaves,  the  same  combination  is 
(not  exactly  undone  but)  opposed,  and  the  current  hindered  with 
(probably  something  less  than  )  the  full  energy  of  the  combination, 
and  there  the  heal  of  combination  is  generated. 

Thus,  regarding  the  jMiBsage  of  hydrogen  to  the  cathode  as  a 
virtual  sepai-ation  of  0  (or  SO^)  from  it,  we  may  pay  in  general 
that  in  any  one  of  the  above  cells,  used  as  a  voltameter,  the 
energy  available  for  helping  the  current  on  is  that  represented  by 
the  difference  between  the  combination  energies  of  the  Gubstancea 
respectively  attacked  and  liberated — i.e.,  Zn,SO,  —  HnSOj;  but 
that  besides  this  the  combination  M,SO,  is  virtually  undone,  and 
since  its  energy  appears  as  a  generation  of  heat  at  the  cathode,  it 
is  so  much  to  be  subtracted  from  the  propelling  force  available 
for  the  current,  only  the  balance  being  left  for  this  puipose, 
Fjz..  Zn.fiO,  -  N.,.sn,  -  M,SO,. 
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Kl.  I  cnn  now  continue  the  qnotation  of  tlie  reniainJer  of  tlie 
condensed  notes  with  the  certainty  thut  they  will  be  at  any  rate 
inlelligible  to  those  who  have  followed  the  preceding.  I  begin 
with  statements  intended  to  be  true  for  substances  of  every  kind, 
and  then  specialise  them  for  the  case  of  metals. 

m,— Statements  helieved  by  the  WitrrER  to  he  Tri'e,  though 

SOT  Orthodox. 

rii.  A  substance  immersed  in  any  medium  tending  to  act  upon 
it  chemically  will  (unless  it  is  actually  attacked)  be  at  a  different 
|>oteutiiil  to  the  medium  in  contact  with  it — positive  if  the  active 
element  in  the  medium  is  electro-positive,  negative  if  the  active 
element  is  electro-negative. 

xiii.  The  above  difference  of  potential  can  be  calculated 
approximately  from  the  potential  energy  of  combination  between 
the  substance  and  the  medium :  the  energy  being  measured  by 
comiielling  the  combination  to  occur,  and  observing  the  heat  pro- 
duced per  amount  of  substance  corresponding  to  one  unit  of 
electricity. 

jtiv.  In  addition  to  this  contact-force,  due  to  potential  chemical 
action  or  chemical  strain,  there  is  another  whicli  la  independent 
of  chemical  properties,  but  which  seems  to  be  greatest  for  badly 
conducting  solids,  and  which  is  in  every  case  superposed  upon  the 
former  contact-force,  the  two  being  observed  together  and  called 
the  Volta  effect.  Very  little  is  known  about  tliis  latter  force, 
except  in  the  case  of  metals ;  and  in  these  it  varies  with  tempera- 
ture, and  is  8maU.  In  the  case  of  non-metals  it  is  often  much 
larger  than  the  chemical  con  tact- force," 

XV.  The  total  contact-force  at  any  junction  can  be  experi- 
mentally determined  by  measuring  the  reversible  energy  developed 
or  absorbed  there,  per  unit  quantity  of  electricity  conveyed  across 


*  1  bare  ataume,  wtuiL  I  sup|>ote  i»  reatgoiaei  as  trup,  thnt  wimt  itknovro  SB 
frialionol  gent-Tation  of  eLectricity  ia  really  due  lo  a  contact -force  between  thu 
■ubslntirci  rubbed — a  force  wtiicli  19  exceedingly  great  far  iitaalators.  Bee 
iKCtiuu  11.  Davy  leeaii  lo  biivu  Iield  tbi^  rkw,  Cioin  a  note  on  p.  GO  of  hit 
B«ktTlnn  lucliin-  in  1B0S. 
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tlie  junction.  [Pructical  difficulties,  caused  by  irreversible  disturb- 
ances, being  supposed  overcome.]* 

svi.  In  a  chain  of  uny  substances  whatever,  the  resultant 
E.M.F.  between  any  tvro  points  is  equal  to  the  sum  of  the  true 
contact-forces  acting  across  every  section  of  the  chain  between  the 
given  points  (neglecting  magnetic  or  impressed  forces). 

svii.  In  a  closed  chain  the  sum  of  the  "  A'olta  forces,"  measured 
electrostatically  in  any  (the  same)  medium,  is  equal  to  the  sum  of 
the  true  contact-forces;  whether  each  individual  Volta  force  be 
equal  to  each  individual  true  force  or  not.     (See  section  1.) 

xviii.  Wierever  a  cunent  flows  across  a  seat  of  E.M.F.,  there 
it  must  gain  or  lose  energy  at  a  rate  numerically  equal  to  the 
E.M.!'.  multiphcd  by  the  strength  of  the  current.! 

Development  of  the  above,  ajul  Special  Application  to  Metals. 

xix.  A  metal  ia  not  at  the  potential  of  the  air  touching  it,  but 
is  always  slightly  below  that  potential  by  an  amount  roughly 
proportional  to  its  Iieal  of  combustion,  and  calculable,  at  any  rate 
approximately,  from  it.  For  instance,  clean  zinc  is  probably  abont 
1*6  volts  below  the  air,  copper  about  "8  volts  below,  and  so  on.  If 
anordinaryosidising  medium  be  substituted  for  "air"  in  the  above 
statement,  it  makes  but  little  difference. 

XX.  Two  metals  put  into  contact  reduce  each  other  instantly 
to  practically  the  same  potential,  and  consequently  the  most  oii- 
disable  one  receives  from  the  other  a  positive  charge,  the  effect  of 
which  can  be  observed  electrostatically. 

xii.  There  is  a  shght  true  contact-force  at  the  junction  of  two 
metals  which  prevents  their  reduction  to  exactly  the  same  poten- 

•  These  diffiouJt.ies  iirc,  however,  ti-enjendnua  for  most  aubBlancea  except 
metals.  JM.  Boiity's  is  the  uitly  attempt  I  know  of  to  exunine  junction  energy 
betweeii  metals  and  EnlntiouB  of  their  latts,  which  it  the  can  next  in  ■implicity 
to  metals.      Obaerw  tlmt  theitutemient  fays  tnaryy,  not  IibhI  tmlj, 

+  A  cntrent  piiaa  energj-  at  any  juuotiuii  at  which  Leat  ii  absorbi'ij,  or 
chemicttt  combiuntioii  pevmitttil,  or  any  other  form  of  energy  liunaformod,  by 
the  passage  of  the  current.  The  Enrrent  gains  the  energy  which  has  in  the 
other  form  disapiwarcd. 

A  current  loses  energy  at  a  i«.>inl  where  it  causes  olhot  foroH  of  uiietgy  to 
malie  their  ftppeartince— ci?.,  generation  of  heat,  deeompositiou  of  themical 
cvtnpoundi^  etc. 
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ttal,  hut  the  ouistiuiding  difference  ia  small  and  varies  with  tem- 
peraLure.  It  can  be  measured  tlierino-elect  rically  by  the  Peltier 
effed:,  but  :n  no  other  known  wavy.  It  is  probably  entirely 
indeiiendent  of  Burrounding  media,  metaliic  or  otherwise,* 

xxii.  If  two  metals  are  in  cooioct,  the  potential  of  the  medium 
mrroundiiig  fhem  is  no  longer  imiform  :  if  a  dielectric,  it  is  in  a 
Stat«  of  strain ;  if  an  eleL-trolyte,  it  conveys  a  current. 

xxiii.  In  the  former  case  the  tuajor  part  of  the  total  difference 
of  potential  ii^  related  closely  to  the  difference  of  the  potential 
energies  of  combination,  ami  is  approximately  calculable  there- 
firom.  In  the  latter  eaie  the  total  K.At.F.  is  calculable  accurately 
from  the  i-uergyof  the  cht-niical  processes  going  ou,  minus  orplua 
the  energies  concerned  in  reversible  heat  effects.f 

xxiv.  There  are  two  di:(tincl  and  independent  kinds  of  series 
in  which  metals  (and  possibly  all  solids)  can  be  placed :  one  kind 
depends  on  the  dielectric  or  electrolytic  medium  in  which  the 

ies  are  immersed,  the  other  kind  depends  on  temperature, 
e  one  is  the  real  Tolta  series,  but  it  is  the  commonly  observed 
Volta  series  minus  the  Peltier;  the  other  ia  the  Peltier  or  thermo- 
electric series.     To  reckon  up  the  total  E.;^LF,  of  a  circuit,  we 

y  tttke  differences  of  numbers  from  each  series  and  add  them 
ogel  hfr. 

14.  It  is  neeessary  to  illustrate  the  meaning  of  this  last  state- 

iUt ,  No,  xxiv.  By  "  real  Volta  aeries,"  I  mean  such  series  as  we 
have  attempted  to  calculate  from  purely  chemical  data,  because 
^^^ey  dejiend  on  chemical  tendencies.  Hy  "Peltier  or  thermo- 
^Bectric  series,"  I  mean  those  giving  a  pmely  physical  E.M.F., 
^^Boduced  we  know  not  quite  how,  whose  energy-source   is   not 

^^f  'To  (liiiingitisli  between  Peltier  force  and  Volta  furc«  henae> forward,  it  will 
be  bMt  to  write  Bi/Sb  or  Zn/Cu  for  the  lormer,  and  Zn/Air/Cu  or  Fe/Waliir/Pt 
lor  Iho  latter.  TUe  force  tlaciroBCOincally  oLserved  ic  Air/Zii/Un/Air,  but  thla 
iDVoivea  botlii  tile  right  way  of  denoting  thu  Volta  efft-tt  pure  and  simple  Ib 
Zn/Air/Cu. 

)  fiucb,  fur  iastauce,  ai  we  liavii  beeu  iliscuisitig  nndur  the  liead  of  inoon. 
(tout  or  iimplt'  vollaic  batteries.  TheF«  reversible  beat  elTecta  inilicate  the 
prcwDCC  of  Ibermnl  contact.forces  -wliiub,  Trherever  they  i-ziBt,  prevent 
chemical  d»ta  from  glTing  K,U,F,  accurately.    They  slao  niDst  be  taken  iaVt 
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chemical  bat  thermal.  We  have  on  the  one  hand  a  nomber  of 
Volta  series,  each  for  a  special  medium;  and  on  the  other  a  table  of 
thermo-electric  powers  at  different  temjieratures.  The  latter  can 
be  conveniently  represented  by  a  number  of  ciirves.  becan^e 
temperature  varies  eoutinuonsly:  Volta  series,  on  the  other  baud, 
can  hardly  be  represented  geomel  rically,  because  the  transition 
from  one  mediuin  to  another  is  probably  per  aalUnn  ;  at  least,  it 
is  not  known  what  is  the  effect  of  mixing  media,  and  so  passing 
gradually  from  one  to  the  next. 

We  have  given  several  Volta  series ;  and,  for  the  sake  of  com- 
pleteness, I  will  now  give  some  Peltier  aeries  for  a  fen  substances, 
according  to  the  experiments  of  Professor  Tait,  at  different  centi- 
grade temperatures.  Expressing  each  number  as  a  function  of 
the  temijeruture,  we  are  able  to  give  an  infinite  number  of  Peltier 
series  in  one  table.  The  range  of  temperature  over  which  this 
table  may  be  interpreted  is  from  — 18°  to  400°  or  so,  prorided  the 
metals  do  not  begin  to  melt.  Non-metallic  substances  have  not 
yet  been  introduced  into  such  series :  much  experimental  work 
remains  to  be  done  before  they  can  be,  The  metals  were  not 
chemically  pure. 

Tim  Ctmlact  E.M.F.,  or  Ptitirr  Sariet.    (HicromUt.') 
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To  Snd  the  E..M.F.  of  a  jnnction  at  s^cified  temperature,  we 
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bHve  only  to  subtract  the  numbera  in  the  above  table,  inserting 
the  value  of  the  temperature.  Thus  a  junction  of  zinc  and  copper 
at  10"  has  an  E.M.F.  of  320  microvolts,  acting  from  copper  to 
zinc ;  and  a  unit  current  sent  across  siicli  a  junction  from  copper 
to  zinc,  or  from  zinc  to  copper, absorbs  or  generates  heat  at  the 
nite  of  320  microwatts,  and  the  current  gains  or  loses  energy  at 
the  same  rate.  Clerk  Maxwell  says  that  the  force  is  one  niicrovoh, 
and  that  it  acts  from  zinc  to  copi^er  ("  Elementary  Electricity," 
p.  149,  ttoU);  but  this  ia  incorrect.* 

Hitherto  we  have  supposed  the  circuit  to  be  all  at  one  tem- 
perature; but  if  different  parts  are  nt  different  temperatures,  we 
shitU  have  to  use  a  yet  further  series,  viz.,  a  Thomson  series,  for 
the  E.M.F,  acting  in  any  one  substance  with  a  difference  of 
temperature  between  its  ends,  or  the  force  acting  at  a  junction 
of  two  pieces  of  the  same  raelal  at  different  temperatures.  This 
series  ciin  be  deduced  from  the  preceding,  using  only  the  coeffi- 
cient of  (',  and  multiplying  it  by  the  difference  of  the  squares 
of  the  ahaoliUe  temperature  of  the  two  ends  of  the  piece  of 
melah     Such  a  series  then  stands  thus  : — 

Thomson  Series,  or  E.M.F.  in  a  metal  whose  ends  are  at 
t°  centigrade  and  (,"  centigrade  respectivelf/. 

(Mierovnllt.} 

Iron  .         .         ■0487((,-M!274  + i((,+  (,)t 

German  silver  .         -0512  {t^—  (,)(274  +  i{(i+  (,)} 
Zinc  .         .      --024  %-t.)  1274  +  ^l,  +  (,)] 

and  so  on. 

Whether  a  series  of  this  sort  can  be  made  to  include  any  non- 
metalhc  conductors  also,  has  not  yet  been  discovered.  M,  Boiity's 
experiments  provisionally  indicate  the  very  interesting  fact  that  Sir 

*lt  it  ainaja  easj  to  tell  from  tbenno-electric  dots  which  nraj  the  fore?  scU 
at  a  jUDCtioo  ;  hut  it  is  not  always  the  sane  way  aii  tlie  current  flows,  by  nny 
uram.  A  current  often  Qowi  Agaiuat  the  E.M.F.  even  at  a  hut  junction, ani!  it 
ma-j  flow  against  the  force  at  bnth  junctions.  This  is  the  case,  for  instance,  in 
*  copper-iron  circuit  with  one  junction  al>ove  STS",  and  the  other  below  it  by  a 
gre»T«r  amoant.  It  i»  customary  to  My  that  ilie  current  flows  across  a.  hot 
janetion  from  the  metal  of  higher,  to  t^e  mi^tal  of  liiwer,  thermo-etectrio 
tbIuv  ;  thii  is  not  necessarily  true.  The  sftfc  statement  in  to  «ay  that  the  fort* 
acts  from  high  to  lov  tbenao-«leclrio  value  at  either  jnnction, 
VOL.  XIV.  1 5 
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W.  Thomaon'a  general  thermo-Jynamic  laws  of  the  thermo-electric 
circuit  apply  perfectly  to  circuits  which  include  some  electrolytes 
as  well  as  metals. 

Now  the  meaning  of  statement  No.  sxiv.  is  as  follows : — Regard 
zinc  and  copper  as  a  circuit  completed  by  air  or  by  water,  ae  the 
case  may  be,  and  let  the  temperature  be  uniform,  and  say  10"; 
to  reckon  up  the  total  E.JI.F.  we  must  look  in  the  jiroper  Volta 
series  for  Zn/air  (or  Zn/water),  which  we  find  1  -8,  say ;  for  Zn,  Cu, 
which  we  don't  find,  or  6ud  zero ;  for  Cu/air,  which  we  find  "8. 
Then  we  must  look  in  the  10°  Peltier  series  for  Zn/air  or 
Zu/water,  which  at  present  we  shall  not  find  there  for  want  of 
data  (possibly  we  have  no  right  to  put  them  there  if  we  had 
data);  for  Zn/Cu,  which  we  find  about  320  microvolts;  and  for 
Cu/air,  which  again  we  don't  tind.  Add  them  all  up  with  Iheir 
proper  signs,  and  we  have  the  total  E.M.F.  of  the  circuit. 

Again,  consider  the  case  of  a  Daniell  cell  at  a  given  tempera- 
ture producing  a  current.  "We  shall  have  to  look  out  in  each 
series  for  Zn/Zn,SO„  for  Zn,S04/Cu,H0„  for  Cu,SO,/Cu,  and  for 
Cu/Zn,  and  add  them  all  up.  It  is  true  that  these  tables  of 
numbers  have  practically  yet  to  be  made,  for  at  present  they 
include  so  few  substances :  that  does  not  affect  the  question  of 
the  existence  and  independence  of  these  two  kinds  of  series. 

It  is,  of  course,  a  question  how  far  all  K..AI.F.  of  contact  may 
be  found  to  depend  on  chemical  tendency.  For  instance,  when 
bismuth  and  antimony  are  put  into  contact,  does  the  E.ALF. 
developed  measure  the  alloying  affinity  of  these  two  metals? 
When  sodium  is  dropped  into  mercury,  rloes  the  heat  produced 
represent  the  thermo-electric  power  of  a  sodium-mercury  junction  ? 
When  metal  touches  glass,  does  the  tremendous  E.M.F.  developed 
represent  a  tendency  of  the  metal  to  combine  with  the  glass  ? 
These  are  questions  for  experiment  to  decide ;  but  to  me  it  does 
not  seem  probable  that  it  will  reply  in  the  affirmative. 

We  know  that  Sir  W.  Thomson,  and  Davy  before  hira,  oon- 
aidered  the  apparent  contact-force  at  the  junction  of  iinc  and 
copper  to  be  due  to  the  chemical  affinity  between  these  two 
metals,  and  to  be  measured  by  the  heat  of  formation  of  brass ; 
but  this  we  have  seen  strong  leaBona  foi  d.wheU«ving.     It  sounda 
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more  probable  that  the  real  contact-force  at  a  junction  of  bismuth 
and  antimony  should  be  due  to  the  chemical  affinity  between 
these  metals ;  but  I  believe  it  is  no  more  true,  I  regard  the 
greater  part  of  a  coiita.ct-force  of  this  kind  as  due  to  a  physical 
diflference  between  the  metals,  such  as  a  difference  in  atomic 
velocity,  and  to  have  no  close  relation  to  their  chemical  affini- 
tiea  for  each  other.  It  may,  however,  well  be  that  some  part  of 
an  observed  junction  force  is  due  to  this  chemical  tendency 
between  two  metals.  For  instance,  take  the  case  of  zinc  and 
copper.  There  is,  I  suppose,  an  undoubted  affinity  between 
them,  as  shown  by  the  formation  of  brass  under  proper  condi- 
tions. [If  chemists  assume  the  right  to  demur  to  this  op  the 
ground  that  the  two  metals  mix  equally  well  in  any  proportions, 
one  can  choose  any  other  pair  of  metala — say,  perhaps,  copper 
aud  tin — for  which  this  statement  does  not  hold.]  Now,  does 
this  affinity  result  in  any  E.M.F.  between  them  on  making  con- 
tact ?  This  question,  I  apprehend,  is  to  be  answered  by  passing 
a  current  for  a  long  time  across  a  copper-zinc  junction  and 
seeing  if  any  brass  does,  after  a  long  time,  result.  Thermo- 
piles show  a  curious  secular  deterioration  with  use,  and  it  may 
be  that  some  alloying  action  goes  on,  tbongh  I  have  never 
heard  of  its  being  noticed.  But  if  no  such  alloying  goes  on 
during  tb-"'  passage  of  a  current,  then  I  should  say  that,  in 
whatever  ways  chemical  affinity  between  two  metoli  is  able  to 
show  itself,  it  does  not  show  itself  as  an  K.HLF. 

Obserw,  I  do  not  for  a  moment  question  the  existence  of  a 
few  hundred  microvolts  of  E.M.F,  at  a  zinc-copper  junction.  I 
only  ask,  Is  this  chemical  ?  or  is  it  physical  ?  or  is  it  a  mixture  of 
the  two?  Statement  No.  xxiv.  is  general  enough  to  take  into 
account  the  possibility  of  its  being  a  mixture  of  the  two.  It  is 
easy  to  write  one  of  them  zero,  if  so  it  turns  out. 

15.  The  remainder  of  my  notes  aim  .at  summarising,  in  a 
compact  form,  the  main  argument  mth  respect  to  the  immediate 
subject  of  discussion,  viz.,  the  seat  of  electro-motive  force  in  a 
voltaic  cell,  aud  in  ordinary  Volta  condenser  experiments. 


820  BEAT  OF  THE  ELECTRO-MOTIVE  FOECES,  Etc.    [Apr.  Mrf, 

IV. — Brief  Summary  of  the  Aegumest. 

XIV,  Wherever  a  current  gains  or  loaea  energy,  there  must  be 
a  seat  of  E.^t.F. ;  and  conversely,  wherever  there  is  a  seat  of 
E.SI.F.,  a  current  must  lose  or  gain  energy  in  passing  it. 

n\-i.  A  current  gains  no  appreciable  energy  in  crossing  from 
copper  to  zinc,  hence  there  is  no  appreciable  E.M.F.  there. 

nvii.  Where  a  current  flows  from  zinc  to  acid,  the  energy  of 
the  combination  which  occurs  is  by  no  means  accounted  for  by 
the  heat  there  generated,  and  the  balance  is  gained  by  the 
current ;  hence  at  a  zinc  acid  junction  there  must  be  a  consider- 
able E.M.F.  (say,  at  a  maximum,  2-3  volta). 

xiviii.  A  piece  of  zinc  immersed  in  acid  is  therefore  at  a 
lower  potential  than  the  acid,  though  how  much  lower  it  is 
impossible  precisely  to  say,  because  no  actual  chemical  action 
occarB.  [If  chemical  action  does  occur,  it  is  due  to  impurities, 
or  at  any  rate  to  local  currents,  and  is  of  the  nature  of  a 
disturbance.] 

xsix.  A  piece  of  zinc,  half  in  air  and  half  in  water,  causes  no 
great  difference  of  jKitential  between  the  air  and  the  water 
(Thomson,  Clifton,  Ayrton  and  Perry,  etc.),  consequently  air  must 
behave  much  like  water. 

XXX.  If  it  makes  the  air  slightly  positive  to  the  water,  as  it 
does  (Hankel),  it  may  mean  that  the  iiotential  energy  of  com- 
bination of  air  with  zinc  is  slightly  greater  than  that  of  water,  or 
it  may  represent  a  difference  in  the  thermo-electric  contact-forces 
between  zinc  and  air  and  zinc  and  water,  or  it  may  depend  on  a 
contactr-force  between  air  and  water.  [If  such  a  contact-force 
between  air  and  water  exists,  it  is  obviously  of  great  importance 
in  the  theory  of  atmospheric  electricity,  for  the  continual  alow 
sinking  of  mist  globules  through  the  air  would  render  them 
electrical.]" 

xxxL  Condenser  methods  of  investigating  contact-force  no 
more  avoid  the  necessity  for  unknown  contacts  than  do  straight- 
forward electrometer  or  galvanometer  methods ;  the  circuit  is 
completed  by  air  in  the  one  case  and  by  metal  in  the  other,  and 

■  Qt,  Lecture  on  "  I>iu^,"  NaUrt,  a&Y.,  11,  VfiSS. 
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tiie  E.M.F.  of  an  air-contact  is  more  hopelessly  unknown  than 
that  of  a  metal-contact. 

xxxi.  All  electroatatic  determinations  of  contact-force  are 
really  determinations  of  the  sum  of  at  least  three  such  forces, 
none  of  which  are  knowable  separately  by  this  means. 

3ixiii.  The  only  direct  way  of  investigating  contacb-force  is  by 
the  Peltier  effect,  or  its  analogues.     [MaswelL] 

xxxiv.  Zinc  aad  copper  in  contact  are  oppositely  charged,  but 
are  not  at  very  different  potentials  ;  they  were  at  different 
potentials  before  contact,  but  the  contact  Las  nearly  equalised 
them. 

XXXV.  The  potential  of  the  medium  surrounding  them  is, 
however,  not  uniform.  If  a  dielectric,  it  is  in  a  state  of  strain ; 
if  an  electrolyte,  it  is  conveying  a  cnrrent, 

The  President  ;  You  will  all,  I  ara  sure,  agree  with  me  that 
Professor  Ohver  Lodge  has  given  ns  a  most  excellent  ]>aper.  It  is 
past  our  usual  time  to  commence  a  discussion,  but  as  Professor 
Fitzgerald,  of  Trinity  College,  Dublin,  is  here,  and  cannot  attend 
next  time,  and  as  we  shall  be  very  pleased  to  hear  any  remarks 
from  him,  I  will  ask  him  to  kindly  open  the  discussion,  which 
will  then  be  arljoumed  until  our  nest  meeting. 

Professor  Fitzgerald  ;  I  may  say  that  on  the  whole  I  entirely 
agree  with  Dr.  Lodge  in  his  position — that  is,  with  the  actual 
position  he  has  taken  up — aa  I  think  it  exjilains  what  most  likely 
takes  place;  but  at  the  same  time  I  do  not  agree  with  his  opinion 
that  his  [losition  is  proved  by  actual  experimentB.  There  is  one 
point  he  has  raised  which,  if  his  statement  were  actually  the  full 
statement  of  what  must  take  place,  would,  I  think,  perfect  his 
position ;  and  it  is  a  position  which  Maxwell  took  up,  and  ttierefore 
is  deserving  of  a  great  deal  of  consideration.  But  I  do  not  agree 
with  him  in  thinking  that  the  Peltier  effect  is  necessarily  the 
same  thing  as  the  whole  electro-motive  force  between  two  metala. 
He  has  given  an  illustration  which,  however,  I  do  not  think 
re[iresent8  what  may  be  the  state  of  affairs.  I  want  you  to 
observe  my  position — that  up  to  the  jiresent  the  whole  question  is 
undecided;  that  there  are  no  exjieriinents  that  are  aVi\e  to  iecv&a 
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where  the  seat  of  eleotro-motive  force  is,  and  it  is  quite  possible 
that,  as  Mr.  G-ibbs  said  in  Montreal,  the  question  is  one  which  is 
undecidable  j  and  that  when  we  know  really  what  electro-motive 
force  is  we  may  not  have  to  ask  where  it  is,  because  it  may  be 
everywhere — in  the  whole  of  space,  for  the  matter  of  that.     I  will 
illustrate  the  difference  between  what  I  consider  may  be  the  true 
eiptanation  of  what  takes  place  in  the  contact  of  the  two  metals 
and  the  connection  it  may  have  with  the  Peltier  effect.     Now,  the 
analogy  was  between  two  vessels  representing  zinc  and  copper, 
placed  beside  one  another.     In  that  case  there  is  in  their  position 
nothing  to  cause  a  difference  of  pressure  between  the  two.     To 
illustrate   any  attraction   between   the   zinc   for  electricity  and 
copper  for  electricity  I  would  rather  place  the  two  vessels,  the 
zinc   vessel   below,   and   the    copper   vessel   above :  that   might 
represent    the    state   of  affairs   in  which   there  was   a   greater 
electric  pressure  in  one  than  in  the  other  vessel — that  differ- 
ence of  fluid  pressure  being  produced  by  the  gravitation  of  the 
earth,   and,  in   the  case  of  the  zinc  and  copper,  the  difference 
of  electric  pressure  by  the  attraction  of  the  zinc  for  the  electricity 
and  copper  for  the  electricity.     Now,  if  there  ia  electricity  flowing 
in  this  circuit,  the  potential  of  the  electricity  will  continually  rise 
up  from  the  zinc  to  the  copper  and  fall  down  again,  but  it  would 
not  produce  any  thermal  effect.     Now,  in  order  to  represent  the 
Peltier  effect,  we  might  add  nt  the  junctions  of  zinc  and  copper 
little  paddle-wheels,  such  as  Professor  Lodge  sup^wsed  produced 
ihe  whole  effect ;  and  one  of  these  turning  when  the  current  runs 
might  do  work  in  winding  up  a  weight,  and  so  represent  the  heat 
developed  at  that  junction,   while  the   other  unwinding  would 
represent  the  heat  absorbed  at  the  other  junction.     This  action 
would   only  take   place   while  the   current   was   running.     The 
Peltier   effect   'may   thus   be  quite  a  different  thing  from  the 
difference  of  potential  produced  by  contact.     On  the  Peltier  effect 
depends  the  rate  of  variation  of  potential  difference  with  tem- 
perature, but  not  the  difference  of  potential  itself.     Tliis  latter 
■may  be  produced  by  a  difference  of  attraction  of  zinc  and  copper 
for  electricity.     I  do  not  think  Maxwell  was  right  in  saying  that 
tbm  beat  dereioped  in  the  PeUier  eKeat  TMcesaai-itTj  measures  the 
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dilTerence  of  potential  iu  different  metals.     Professor  Lodge  has 
been  misted  by  his  anaiogy. 

2nd  April,  1 885. — Note  added  since  diBciiesioTi. — The  question 
hinges  very  much  on  the  definition  of  "potential  of  the  metal."  If 
by  this  is  meant  the  external  work  that  can  he  done  by  electricity 
tiowing  from  the  metal  to  aome  metal  at  standard  zero  potential, 
then  the  Peltier  effect  by  definition  measures  the  potential  of  the 
metal.  But  that  may  not  represent  everything  that  takes  place. 
The  metal  may  produce  potential  in  a  vacuum  in  its  neighbour- 
hood, and  so  we  may  define  the  potential  of  a  metal  to  be  the 
same  as  that  of  the  vacuum  in  its  neiglibourhood ;  and  this  may 
be  i|aite  a  different  value  from  that  derived  from  the  former 
definition.  "When  water  fiows  in  a  pipe  up  and  down,  its  power 
of  doing  work  is  the  same  at  all  levels,  but  its  pressure  and  the 
strain  it  produces  in  the  pipe  are  not.  Its  power  of  doing  work 
corresponds  to  the  first  definition  of  potential,  its  pressure  and 
the  resultant  strain  to  the  second. — Geo.  Fras.  Fitzoebald. 

The  further  discussion  on  the  preceding  paper  was  adjourned 
until  Thursday,  23rd  April. 

A  ballot  then  took  place,  at  which  the  following  were 
elected : — ■ 

Aseociafes : 


Henry  Jackson. 

John  Alexander  McMullen. 


Mads  Peter  Hardt. 
Walter  T.  Goolden. 

Lieut  W.  Clifton  Slater,  R.N. 
Students : 
George  H.  Nisbett.  |  Frederick  Paton. 
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Tlie  One  Handred  and  Fortv-fotirth  Ordinary  Geoend  Meeting  of 
the  ijociety  was  held  at  the  Institntion  of  Civil  Engineers, 
25,  Great  George  SU«et,  Westminster,  on  Thursday,  23rd 
April,  1885 — C.  E.  Spa&xoleiti,  Esq.,  M.  Inst.  C.E,  Ac, 
President,  In  the  Chair. 

The  Secbetary  read  the  minntes  of  the  last  meeting. 

DQDatioDS  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  following: — Latimer 
Clark,  Muirliead,  &  Co.;  F.  Cardarelli,  Foreign  Member;  J.  M. 
CoUette,  Foreign  >Iember;  O.  Schaffler,  Foreign  Member;  W. 
T.  .\nseU,  Slember;  W.  H.  Preece,  Past-President;  Sir  David 
Salomonj,  Bart.,  J[ember ;  C.  Todd,  Jlember. 

A  hearty  vote  of  thanks  was  accorded  to  the  donore. 

The  adjourned  discussion  of  Professor  Oliver  Lodge's  jiaper 
waa,  at  the  invitation  of  the  President,  resumed  by  Professor 
Perry. 

Professor  Perrv  :  Dr.  Lodge's  paper  differs  from  those 
usually  read  at  this  Society  in  that  it  opens  a  debate;  and  my 
answer  can  hardly  be  regarded  as  merely  a  criticism  of  an 
ordinary  scientific  paper,  but  as  ojiening  the  debate  on  the  other 
side.  Dr.  Lodge  is  the  exjionent  of  the  views  which  have  been 
held  by  Clerk  Maxwell  and  other  philosophers,  and  I  want  to  put 
before  the  Society  the  way  in  which,  with  Professor  Ayrton,  I  have 
looked  at  the  question  from  what,  may  be  called  the  Thomson 
side.  Like  almost  everybody  else  we  use  the  expression 
"di£f<;rence  of  potentials'"  between  two  points  as  meaning,  in 
electrokinetics,  the  electrostatic  difference  of  potentials  between 
two  copi>er  wires  coming  from  the  points.  This  practice  is  very 
convenient,  and  there  can  be  no  objection  to  it  so  long  as  we 
do  not  imply  that  it  is  always  the  same  as  the  electrostatic 
difference  of  jmtentinls  between  the  points.  It  is  in  this  that 
Dr.  I^ge  differs  from  us  :  he  says,  that  this  is  the  electro- 
static difference  of  potentials,  and  I  am  compelled  to  think 
only  of  electrostatic  difference  of  potentials  in    this  discussion. 

strongest    feeling    just    now   \s   one    ot   gra,l\t.u.de   to    Dr. 
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Lodge  ;  he  has  treated  us  mercifully  on  the  whole.  When  one 
mounts  the  steed  of  plijsico-chemical  speculation  as  to  what 
is  going  on  in  a  voltaic  circuit  there  is  no  reason  for  his 
drawing  rein  at  one  jilace  rather  than  another.  Why  should 
he  stop  anywhere  in  fiarticular?  It  is  only  enjoyment  to  him 
this  careering  about  in  a  new  worlii  where  there  is  neither  north 
nor  soulli,  where  one  ^jlain  fact  is  an  enchanted  giant  error  that 
must  be  borne  down  by  the  spear  of  downright  denial,  and 
another  plain  fact  is  simply  a  plain  fact  with  no  enchantment 
about  it.  I  say  again  that  I  feel  grateful  to  Dr.  Lodge,  because 
there  is  no  doubt  that  he  has  the  power  of  speculating  for  years 
and  years  on  a  subject  of  such  interest  as  this.  He  accepts  the 
contact  theory  of  voltaic  action  ;  he  acknowledges  that  the 
electro-motive  force  of  a  voltaic  <circuit  is  equal  to  the  sum  of 
the  contact-forces,  as  measured  electrostatically,  of  the  various 
substances.  These  are  the  plain  facta ;  now  for  the  en- 
cliautment.  He  saya  it  is  absurd  to  imagine  that  there  is  a 
considerable  difference  of  potential  between  two  metals,  say  zinc 
and  copper,  in  contact  with  one  another.  He  says,  "  Yea ; 
experimenters  have  certainly  found  an  apparent  difference  of 
potential;  they  have  measured  apparent  differences  of  potential 
in  air,  and  they  are  due  to  air  effect."  Yet  they  have  measured 
these  differences  of  potential,  when,  instead  of  air  being  the 
dielectric,  there  has  been  no  air,  and  there  have  been  other  gases 
quite  different  from  air,  but  still  he  says  their  results  are  due  to 
an  air  effect.  They  huve  even  measured  these  differences  of 
potential  in  fairly  good  vacuo,  but  still  Dr.  Lodge  says  they  are 
air  effects.  Not  only  does  he  say  that  this  is  the  case,  but  that 
if  you  could  experiment  in  as  perfect  a  vacuum  as  has  been 
ebtaine-d  by  Mr.  Crookes  and  obtained  the  same  result,  as  we 
suppose  you  might,  still  he  says  it  would  be  due  to  an  air  effect. 
Now,  when  Dr.  Lodge  makes  a  statement  of  that  kind,  it  is  quite 
obvious  that  there  must  be  some  very  strong  reason  for  his  dis- 
carding eridencc ;  for  you  must  remember  th.it  there  is  no  re- 
butting evidence,  that  in  Brown's  experiments  there  really  were 
falta  formed  on  the  metab,  and  we  are  all  agreed  as  to  what 
effects  such  salts  produce.     The  strong  reason  causing  Xii.A.sA^'i 
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to  discard  eWdence  in  this  way,  this  strong  reason — whatever  it 
may  be — has  caused  him  to  enter  into  elaborate  speculations  as 
to  the  attractions  between  gasea  and  metals,  and  I  assume  that  if 
we  can  show  Dr.  Lodge  that  this  strong  reason  is  baseless — has  no 
existence — then  he  will  probably  be  witling  to  leave  again  tliis 
region  of  siieculation  to  the  sole  enjoyment  of  the  leader  from 
whom  he  already  differs  a  little.  Dr.  Eioier. 

Now,  first  let  mi-  disiwae  of  the  part  of  his  paper  which  has 
nothing  to  do  with  the  debate,  namely,  the  seat  of  the  electK»- 
motive  force  in  a  voltaic  circuit.     With  regard  to  this  matter,  we 
are,  I  believe,  in  agreement,  and  I  hope  to  prove  that  this  seat  of 
the  E.M.F.  in  a  voltaic  circuit  has  really  nothing  whatever  to  do 
with  difference  of  potential  between  zinc  and  copper  in  contact ; 
and,  in  fact,  that  Dr,  Lodge's  paper  has  not  got  quite  the  proper 
title.     His  paper  is  reaUy  devott-d  to  quite  a  different  subject 
from  that  of  the  seat  of  E.M.K.  in  a  voltaic  cell.     I  shall  regard 
the  Peltier  effect  as  non-existent,  merely  for  the  sake  of  shortening 
my  statements.     Any  cause  of  flow  of  electricity  used  to  be  called 
an  E.!^LF.,  and  hence,  iu  stating  Ohm'a  law,  E.M.F.  and  difference 
of  potential  were  used  indifferently.      But  when  we  adopt,  as 
everybody  does  nowadays,  the  exact  definition  of  Clerk  Maxwell, 
we  must  be  more  careful ;  and  when  we  adopt  the  much  more 
guarded  definition   of  E.JI.F.  of  Dr.   Lodge,  we  must  be   par- 
ticularly careful.     This  definition  of  Dr.  Lodge  is  given  in  two 
quotations  from  Clerk  Maxwell ;  and  the  definition  is  not  merely 
the  definition  of  E.SLF.,  but  is  the  definition  of  the  seat  of  the 
E.M.F.     The  seat  of  the  E.M.F.  in  any  circuit  is  the  place  at 
which  the  circuit  receives  or  gives  up  energy  as  distinct  from 
heat  due  to  resistance,  and  the  amount  of  the  E.M.F.  is  measured 
as  the  amount  of  energy  which  enters  the  circuit  per  unit  of 
electricity  jiassing  that  place.     Now,  how  is  it  possible,  with  a 
definition  of  E.M.F.  hke  that,  to  give  an  answer  to  Dr.  hedge's 
statement  different  from  what  he  has  given  ?     The  seat  of  E.M.F. 
is  practically  defined  to  be  the  place  where  the  chemical  action 
goes  on.     It   follows  that  the   place  where  the  chemical  action 
goee  on  is  the  seat  of  the  E.M.F.     Even  a  logical  machine  would 
sajr  that  this  answer  follows  from  l\ie  de?m\t\ciQ,Mid.t\ie  definitiou 
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is  merely  a  parLiaJ  statement  of  Sir  William  Thomson's  result — 
that  the  E.M.F.  of  a  voltaic  circuit  can  be  calculated  from  the 
chemical  action  going  on. 

But   Dr.  Lodge's  paper   takes    up   a   very  different   matter. 
He    finds  strong  reasons    for   believing    that   there    cannot  be  a 
considerable  difierence  of   potential    between  zinc    and    copper 
in    contact.      In  fact,   the   difference   of  potential    is    to    him 
logically     absurd,     and     he     devotes    the     paper    to     spec  illa- 
tions  as   to   how   experiments  could   have   misled  Sir  William 
Thomson   and   others   into  believing  suc!i   an   absurdity.     The 
absurdity  is  so  obvious  to  Dr.   Lodge,  that  it  might  have  struck 
him,  perhaps,  that  8ir  William  Tliamson  might  also  have  seen  it. 
However,  Dr.  Lodge  has  the  opinions  of  Clerk  Maxwell  and  many 
others  on  bis  side,  and  in  fact  this  is  the  subject  of  debate.    1  shall 
endeavour  to  show  that  cm-  notion  does  not   lead  to  such   an 
absurdity,  aud   hence   that   Dr.   I^odge's   speculations,   however 
interesting,  are  unnecessary.     With  his  definition  of  EJtt.F.  we 
have  never  stated  that  there  is  such  an  E.M.F.  due  to  contact 
between  zinc  and  copper.     We  deny  that  there  is  such  contact 
E.JLF.,  but  we  do  say  there  is  contact  difference  of  potential. 
We  do  not  say  that  what  has  been  measured  may  not  be  to  some, 
even  to  a  large,  extent  due  to  air  eft'ect,  but  we  contend  that  no 
such  air  effect  has  ever  been  nbserved,  and  unl  il  it  has  been  observed 
we  cannot  admit  that  there  is  any  strong  reason  for  believing  in 
\XM  existence.     Dr.  Lodge  says,  if  the  electricity  rises  in  potential 
^^toax  copper  to  zinc  there  must  be  a  supply  of  energy  from  some 
.  ■•outside  sourct-  at  the  place  of  contact.     Now,  we  ask  him,  why  ? 
We  do  not  ask  him  what  he  means  when  be  says  that  electricity 
in  potential  at  the  point,  or  what  he  means  by  potential 
side  a  wire  in  which  a  current  is   flowing,  or  whether  he  is 
speaking  of  electrostatic-potential,  or  why  he  assumes  that  there 
ie  the  same  or  nearly  the  same  potential  at  different  points  of  any 
^Lcross-section    of   a   wire.        He   cannot   answer  these   questions 
^"  nnless  he  knows  what  is  the  distiibution  of  electricity  through 
the   cojiper   mass.       Now,    considering   that   we    do   not   know 
^■whether  it  is  a  trillionth  of  a  unit  of  electricity  per  cubic  milU- 
^Banetre,  or  whether  there  are  (rillions  ot  units  oi  e\e<Atvc\S.'3  "^ftx 
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cubic  millimetre;  considering  that  we  do  not  know  whether  there 
IB  anyelectricityat  all  in  the  body  of  the  wire,  we  believe  that  these 
questions  stand  in  the  way  of  any  logical  proof  auch  as  Dr.  Lodge 
supposes  he  can  give  of  the  absurdity  he  is  speaking  of.  Well, 
we  will  not  stop  him  by  asking  him  any  of  these  questions. 
In  fact  we  are  wiUing  to  aseiune  that,  in  taking  a  unit  of 
electricity  from  a  point  in  a  section  of  the  wire  to  the  outside 
and  from  that  through  the  dielectric,  and  from  that  into  the 
wire  to  a  point  in  another  section,  the  work  that  must  be  done 
is  the  same  for  any  points  in  the  Gections  as  Dr.  Lodge 
asBumes,  and  to  take  that  work  as  the  measure  of  the  difference  of 
IKitential  between  these  two  sections ;  and  still  we  ask  him  why 
we  must  assume  that,  when  electricity  rises  in  iwtential  suddenly 
at  a  place  in  a  circuit,  energy  must  come  in  from  the  outside  to 
enable  the  electricity  to  rise  in  potential.  Supjwee  we  grant 
that  electricity  gains  ia  potential-eoergy  in  flowing  from  copper 
to  zinc,  do  we  know  so  much  of  an  electric  current  as  to  assert 
that  when  the  electricity  gaius  potential-energy  it  does  not 
lose  an  equivalent  quantity  of  some  other  kind  of  energy  ? 
Why  may  we  not  assume,  for  example,  that  electricity  loses 
tension-energy  in  passing  from  copper  to  zinc,  so  that  if  it  gets 
potential-energy  it  loses  tension-energy.  From  that  point  of 
view,  part  of  the  function  of  the  liquid  in  the  cell  would  be  taking 
electricity  from  the  zinc  to  the  copper  inside  the  cell,  giving 
it  tension-energy,  and  this  tension-energy  is  converted  ■  into 
potential-energy  when  the  electricity  jiaesea  in  the  outer  part  of 
the  circuit  from  copi>er  to  zinc.  But,  indeed,  there  is  no  need  to 
assume  the  existence  of  a  tension-energy,  ^^'hy  should  we 
assume  that  work  must  be  done  by  outside  agents  at  a  place  in 
raising  electricity  from  potential  A  to  potential  B  ?  By  definition 
work  will  be  done  if  we  take  electricity  through  the  dielectrio 
from  A  to  B,  but  it  does  not  follow  that  an  outside  source  must  do 
work  in  carrying  electricity  from  A  to  B  through  the  wire  itself. 
We  know  so  little  of  what  is  reiilly  meant  by  the  electric  current, 
and  the  mechanical  analogies  which  have  been  put  forward  from 
time  to  time  are  bo  imperfect,  not  even  excluding  the  beautiful 
&>rm  that  Mr.  Poynting  has  given  to  CVeik  Mb.-v««U'8  analogy. 
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that  I  always  like  to  fail  back  upon  the  oldest  and  simplest  one ; 
and  the  oldest  and  simplest  one  ia  tliis :  When  electricity  is 
flowing  in  a  copper  wire  there  is  electricity  in  every  part  of  the 
wire  and  not  merely  on  the  outside  of  it.  Now  at  one  end — the 
battery  end — of  this  copper  wire,  electricity  is  continually  being 
throst  in,  and  in  consequence  at  the  other  end,  where  tbe  copper 
joins  the  zinc,  there  is  a  tendency  for  electricity  to  leave  tbe 
copper  and  enter  tbe  zinc,  just  for  the  same  reason  that  electricity 
tries  to  come  to  the  outside  of  bodies — repulsion  of  electricity  for 
itself.  If  at  tbe  zinc  end,  electricity  can  only  get  away  by  rising 
in  potential,  then  it  rises  in  ix>tential,  but  the  energy  which  tliere 
becomes  potenlial-eucrgy  cornea  from  the  battery.  It  is  not 
necessary  to  get  a  supply  of  energy  from  an  outside  source 
at  tbe  junction.  We  merely  put  this  analogy  before  the 
Society  for  the  purpose  of  giving  a  clear  idea  as  to  how  a 
difference  of  potential  between  zinc  and  copper  can  be  ca- 
ptained without  assnming  a  supply  of  energy  from  an  outside 
source  at  the  junction.  But  after  all  it  is  an  analogy. 
When  we  speak  of  electricity  flowing  iu  a  wire,  we  are  using 
an  ide-a  which  is  derived  from  electrostatic  and  hydraulic 
phenomena  to  explain  ,i  pbenoraenon  of  an  electrokinetic  kind. 
Our  only  excuse  is  that  i-verybody  uses  some  kind  of  analogy,  and 
ours  agrees  with  the  facts  better  than  any  other,  If  Dr.  Lodge 
objects  to  the  idea  of  tension-energy,  or  even  to  tbe  idea  of  tension, 
we  can  tell  bim  that  in  spite  of  our  very  exact  knowledge  of 
mechanics  we  have  the  same  sort,  of  difBculty  in  many  mechanical 
arrangements.  For  example,  suppose  you  have  a  winding-engine 
and  a  long  endless  inestensible  rope  passing  over  pulleys,  hori- 
zontal in  places,  vertical  in  places,  and  coming  back  to  tbe  engine 
again,  and  at  one  place  there  is  a  weight  being  lifted.  Now,  work 
ia  being  done  on  that  weight  in  lifting  it.  But  energy  does  not 
come  from  tbe  outside  into  the  circuit  there  ;  it  comes  from  the 
winding-engine  ;  it  comes  somehow  through  tbe  rope.  Energy 
disappears  at  the  winding-engine  and  appears  as  work  done  in  the 
weight  being  lifted.  In  what  form  is  it  before  it  is  converted 
into  potential-energy  ?  Tbe  energy  is  conveyed.  In  what  form 
is  it  when  it  ia  in  tie  rope?    We  really  do  noVtttc™,OT,t%'0o.fe\, 
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■we  have  aot  given  a  oame  to  it.  But  if  we  Kmst  give  a  name  to 
it,  it  is  tension -energy.  We  know  that  there  is  a  difiference 
in  the  tension  of  the  rope  above  and  below  the  weight  which 
ifl  being  lifted.  Difficulties  of  the  kind  I  speak  of — such 
difficulties  as  will  tempt  Dr.  Lodge  to  prevent  our  speaking 
of  tension-energy — are  really  due  to  the  fact  that  the  notion 
of  conveyance  of  energy  from  one  i>oint  to  another  has 
not  yet  been  co-ordinated  with  the  ordinary  exact  defini- 
tion of  energy,  Tlie  energy  which  we  usually  si)e8k  of  as 
being  poBsessed  by  a  portion  of  matter,  or  as  existing  at  a 
particular  place,  is  really  possessed  by  a  much  larger  system. 
But  the  analogy  which  I  like  best,  and  which  in  every  particular 
satisfies  the  voltaic  circuit,  is  the  hydraulic  analogy.  It  gives 
me  pleasure  to  consider  it :  Firstly,  because  many  who  b'sten  to 
me  are  in  the  habit  of  thinking  that  electricity  passes  along  a 
wire  as  water  tlows  along  a  pipe ;  and,  tiecondly,  because  Dr.  Lodge 
has  used  this  analogy  for  the  purpose  of  showing  the  absurdity  of 
our  position.  In  fact  we  will  now  give  the  ex])lauation  mentioned 
by  Dr.  Lodge  in  the  paper  as  having  come  through  one  of  U8 
from  Sir  William  Thomson,  but  which  must  really  be  regarded 
as  having  come  from  ourselves,  as  we  think  that  Sir  William 
has  ]irobably  his  own  distinct  method  of  looking  at  the  matter. 


Dr.  Lodge  has  slightly  misapprehended  it.  Suppose  we  have 
a  circuit  of  pipes,  G  A  B  D  D'  E'  E  G,  whose  develop- 
ment is  shown  in  the  figure,  the  two  ends  of  the  figure  G 
and  G  being  the  same  point  in  the  real  circuit ;  the  pipes  to  be 
of  uniform  section,  and  to  rise  suddenly  in  level  from  A  to  B  and 
from  D  to  D',  and  to  fall  from  E'  to  E,  and  there  being  a  uniform 
late  of  fall  from  B  to  D,  D'  to  E',  and  from  E  through  G  to  A. 
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U  I  may  be  any  datum  level.  Let  as  sappose  that  there  is  a 
oontiauously  acting  pump  in  the  part  D'  E',  causing  incompressible 
fluid,  such  as  water,  tilling  the  pipes  to  flow  continuously. 
echanical  energy  is  given  to  the  pump  from  some  outside 
lUrce,  and  the  energy  reappears  at  various  places  in  the  circuit. 
Thus,  for  esample,  between  A  and  B  the  water  rises  in  level. 
A  pound  of  water  at  B  has  more  energy  than  a  pound  of  water  at 
and  its  increase  of  energy  is  k  foot  pounds,  if  the  difference  of 
el  is  k  feet  between  B  and  A.  It  has  really  gained  energy. 
at  has  it  lost  ?  Pressure,  certainly ;  but  pressure  is  not  a 
of  energy.     We  know  that  in  a  steady  frictionless  stream 

f^+2-Zp  +  h 

femains  constant,  if  v  is  the  velocity  in  feet  per  second,  and  p  the 
ressure  in  pounds  per  scjuare  inch,  and  li  height  in  feet  above 

itnm  level.     As  —  is  the  Idnetic-energy  of  a  pound  of  water  in 

foot  pounds,  and  h  is  its  potential-energy,  one  is  tempted  to  call 
2"3j»  also  a  form  of  energy — pressure-energy,  but  we  have  just 
as  much  and  no  more  right  to  call  it  so  than  to  speak  as  I  did  of 
tension -energy  in  electricity.    We  can  see  that  pressure  conditions 
are  not  in  themselves  a  source  of  energy,  by  imagining  incom- 
pressible fluid,  like  water,  filling  a  closed  vessel  at  great  pressure, 
and  then  imagining  an  orifice  to  be  made,  when,  of  course,  the 
water  is  no  longer  subjected  to  great  pressin-e.     But  2-3  p  enters 
into  the  expression  and   is  familiarly  spoken  of  as  a  form  of 
energy  when  the  stream  is  steadif — when  there  is  a  continuously 
ting    pump    somewhere    in    the    circuit.     In    fact,   then,  we 
that  when  a  pound  of  water  rises  in  level  from  A  to  B  it 
receives   k    foot-pounds   of    energy    if   h   is    the   difiference   in 
level,  and  it  receives  no  energy  from  an  outside  source  at  A  B ; 
energy  disappears  in  the  pump,  and  work  is  done  between  A  and 
Xow,  just  as  difference  of  potential  in  electrical  things  is 
'measured  as  the  work  wliich  must  be  done,  on  unit  of  electricity, 
in  taking  it  from  one  point  A  to  another  B  tlirough  the  dielectric, 
BO  the  difference  of  level  between  A  and  B  represents  the  work  done 
on  a  pound  of  water  in  taking  it  from  A  to  ti  \,\\ioii^  \;fe«  mx. 
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I  will  not  trouble  the  meeting  by  stating  exactly  how  a  pound  of 
incompressible  fluid  may  be  taken  from  A  to  B  through  the  aJr, 
LaWng  h  foot-i>ounda  of  work  done  ui>on  it,  but  anyone  who  has 
studied  hydro-dynamics  sees  at  once  how  it  may  be  done.  Now,  this 
is  not  merely  an  analogy ;  it  really  represents  the  true  state  of 
things  in  a  voltaic  circuit.  There  is  a  tendency  for  electricity  to 
leave  copi>er  and  enter  zinc  at  the  junction.  We  are  prevented 
from  calUng  this  the  E  M.F.  of  contact,  so  we  will  call  it  contact- 
force.  It  is  measured  as  the  difference  of  potential  established 
between  two  metals  which  are  in  contact.  There  ia  no  contact- 
force  in  a  piece  of  copper  or  io  apiece  of  zinc  The  contact-force  is 
analogous  with  pressme  in  water.  There  is  a  sudden  rise  in  level  in 
the  pipe  from  A  to  B  which  corresponds  with  a  sudden  rise  of 
potential  from  copper  to  zinc.  There  is  a  consequent 
diminution  of  pressure  from  A  to  B  which  corresixinds  with 
the  contact-force  at  the  junction.  There  is  no  contacl^force 
in  a  copper  wire,  and  hence  it  is  necessary  to  give  to  the 
pipe  such  an  inclination  that  the  potential-energy  lost  by  the 
water  in  flowing  along  the  pipe  shall  be  equal  to  the  energy 
given  out  in  friction.  In  the  voltaic  circuit,  similarly,  the  foil 
of  potential-energy  is  known  to  be  equal  to  the  beat  produced 
in  overcoming  resistance. 

Should  the  external  circuit  consist  of  several  wires  of  zinc  or 
other  metal  and  copper,  it  is  easy  to  draw  the  development  of 
the  pipe-circuit  analogy.  Supposing  the  water  to  be  slightly 
compressible,  then  maintaining  any  vertical  parts  of  the  pipe  at 
different  constant  temperatures,  will  help  or  oppose  the  action  of 
the  pump  in  the  circuit,  so  that  we  have  thermo-electric  effects 
represented.  Thus,  not  using  a  pump,  let  there  he  an  endless  pipe, 
riding  suddenly  from  A  to  B,  horizontal  from  B  to  C,  falling 
suddenly  from  C  to  D,  and  horizontal  from  D  to  A.  Imagine 
this  flUed  with  a  slightly  compressible  fluid,  and  that  the  limb 
C  D  is  permanently  kept  at  a  higher  temperature  than  A  B, 
there  will  be  a  steady  flow  maintained  in  the  direction  A  D  C  B  A. 
If  the  limb  A  B  is  the  higher  in  temperature,  the  flow  will  be  in 
the  direction  A  B  C  D  A.  Strictly  speaking,  we  ought  to  consider 
(Ae  Said  in  the  endless  tube  to  be  cnae  '«\A«:V  tViKn^t'i  the  law 
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connecting  its  density  and  temperature  at  a  critical  point,  like 
(rater  at  i°  C* 

To  Bum  np,  then,  if  we  define  (why  it  is  necessary  to  do  so  we 
know  not)  the  seat  of  E.M.F.  as  the  place  where  energy  disappears 
in  a  voltaic  circuit,  and  the  amount  of  this  E.M.F.  as  the  amount  of 
energy  tiisappearing  per  unit  of  electricity  flowing  in  the  circuit, 
then  it  is  obvious  that  the  seat  of  the  E.M.F.  of  a  voltaic  circuit 
(neglecting  Peltier  effect)  is  at  the  place  where  chemical  action 
occurs.  There  is  no  seat  of  E,M.r.  at  the  junction  of  zinc  and 
copper,  but  there  may  be  a  considerable  difference  of  potential 
between  zinc  and  copper.  That  is,  to  carry  unit  of  electricity 
from  the  surface  of  the  copper  to  that  of  the  zinc,  through  the 
dielectric  (even  if  this  dielectric  is  the  interstellar  ether),  an  out^ 
side  source  must  do  work  upon  it,  but  it  does  not  follow  that  an 
outside  source  must  do  work  upon  electricity  flowing  in  the  copper 
to  make  it  pass  into  the  zinc.  This  is  exactly  analogous  with 
water  when  flowing  in  pipes  which  rise  suddenly  in  level  from  A 
to  B.  To  carry  a  pound  of  water,  regarded  as  incompressible, 
&oni  A  to  B,  through  the  air,  the  energy  required  is  h  foot-pounds 
for  a  difference  of  level  of  h  feet.  But  when  a  pound  of  water 
posses  from  A  to  B  by  the  pipe  in  which  it  is  steadily  flowing  no 
work  needs  to  be  done  upon  it  by  outside  agencies ;  the  force 

acting  on  it  at  any  instant  is  2-3  -^  and  the  integral  /  2-3  -£  da; 

*  Sett  added  Hay  ISth. — To  !)«  qnice  correct,  let  what  I  liavo  called 
"  teasioQ  "  in  a  metal  a,  nt  the  absoliite  temperature  i,  be  denoted  by  ,?„  ;  und 
Uie  increaee  of  potential  trom  a  t«  a  metal  b,  as  measured  inductivelj,  by  {Vah 
tben  the  electro-motive  force  of  a  thentio-etectric  circuit  of  two  metals,  a 
luid  b,  whose  juDcticiii  are  at  tempt^raturei  t|  and  1,,  ia 

E  -  ,jV,i  -  ,^V^ 
The  Peltier  effect  at  a  joaotion  ia 

(Has  =   iPft  -  iPo  —  jVoS, 

where  ,Val,  =  (it  -  *a  J  (  1t,6  -  i  i)  +  C»  -  Cq 

,r„-i*ot"  +  c. 

k^  and  C«  are  constanta  peculiar  to  the  meial  a,  and  Tg^  is  a  constant  peculiar 
to  the  two  metali  a  and  b.     Hence  itloa  ^  C .— —  iVoi,  or  the  Peltier  effect,  ia 

propartioDsl  to  tbe  absolute  temperature  aud  to  the  tale  ol  cYtan^ft  o\.  ^\a 
coniJtct-foree  trith  temperature. 
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is  equal  to  h.  If  we  care  to  think  of  the  potential-energy  gained 
hy  the  water,  we  may  say  that  this  has  come  from  the  pump,  and 
we  know  all  about  the  agency  by  which  it  has  come ;  but  if  we 
are  forced  to  consider  what  is  the  form  of  the  energy  of  a  pound 
of  water  immediately  before  its  conversion  into  potential-energy 
A,  we  are  compelled  to  say  "  pressure-energy,"  represented  by  2-3 
times  the  difference  of  pressure. 

Dr.  Lodge  ma.y,  by  defining  potential  in  a  new  way  not 
recognised  in  electrostatics,  prove  that  there  can  be  no  difference 
of  such  new  kind  of  potential  between  zinc  and  copper  in  contact ; 
it  is  my  opinion  that  this  is  what  he  and  Mr.  Poynting  and  Clerk 
Maxwell  and  many  others  have  unconsciously  done. 

Added  May  5(/i.— Dr.  Lodge,  in  his  reply  to  remarks,  was  kind 
enoQgh  to  mention  the  fact  that  my  colleague  and  I  had  drawn 
Mr.  Poynting'a  eqmpotential  surfaces  and  lines  of  flow  of  energy 
as  they  must,  be  drawn  in  practice,  most  of  them  lying  like  suc- 
cessive sleeves  in  an  infinitely  shallow  space  round  all  the  con- 
ductors in  a  voltaic  circuit,  if  we  are  to  follow  Maswell  in 
assuming  a  considerable  difference  of  potential  between  air  and 
metals.  As  Dr.  Lodge  has  stated,  we  have  also  drawn  these 
surfaces  and  flow  of  energy  lines  on  our  own  assumption  of  no  air 
effect  and  considerable  contact-differences  of  potential.  Dr.  Ixxlge 
has  not,  however,  referred  to  the  very  much  more  interesting  curves 
which  Prof.  Ayrton  and  I  have  drawn  as  the  energy  lines  firom  a 
primary  voltaic  or  thermo-electric  circuit  whose  current  is  altering 
jnst  in  such  a  way  as  to  keep  the  current  in  a  secondary  cirouit  con- 
stant. Suppose  it  is  the  E.M.F.  of  the  primary  which  is  altering,it  is 
very  interesting  to  see  how  the  lines  of  flow  of  eoergy  sweep  over 
the  primary  circuit,  their  parts  which  cut  the  secondary  remaining 
unaltered.  But  now,  suppose  the  total  E.M.F.  of  the  primarv  to 
be  less  than  one  volt,  and  imagine  that  Prof.  C.  Maxwell  and 
Prof.  Poynting  and  Dr.  Lodge  were  right  in  their  idea  of  a  con- 
siderable difference  of  potential  bet  ween  air  and  metals,  it  will  be 
found  that  no  line  of  flow  of  energy  can  connect  the  primary  and 
secondary  circuits,  since  all  the  equipotential  surfaces  of  the 
primary  will  lie  infinitely  close  to  the  condootors  of  which  it  is 
composed,  and  yet  it  cannot  be  do\i\Aft4  tWt  the  secondary  circuit 
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eivee  energy  from  the  primary.  If  I  am  wrong  in  this  I  hope 
at  Mr.  Poynting  will  correct  me ;  but  it  seems  to  me  that 
Slaxwell's  electro-magnetic  theory  actually  requires  uh  to  deny  the 
esiatence  of  a  considerable  air  effect  auch  as  Maxwell  himself 
insisted   on,   if  we  are  to    make    it   coneiatent   with    observed 


henomena. 
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Dr.  J.  HoPKiNsos ;  I  am  rather  disposed  to  agree  with  Pro- 
feesor  Perry  thus  far— that  this  question  is  one  very  largely  of 
de&nitioQ.  Professor  Perry  defines  the  difference  of  potential 
between  a  piece  of  copper  and  a  piece  of  zinc  to  be  the  energy 
uired  to  transfer  a  unit  of  electricity  from  near  the  copper  to 
lear  the  zinc  through  the  dielectric.  On  the  other  hand,  as  I 
understand  the  matter,  Dr.  Lodge,  and  probably  Clerk  Maxwell, 
define  the  difference  of  potential  to  be  the  energy  required  to 
transfer  a  current  of  electricity  from  the  copper  to  the  zinc 
ugh  the  junction  between  the  copper  and  the  zinc.  Now,  it 
appears  to  me  that  Dr.  Ijodge  has  very  clearly  shown  that  hia 
■ay  of  looking  at  the  matter  is  the  more  convenient;  for,  in  the 
first  place,  it  exi)re88es,  with  the  greatest  ease,  all  facts  that  have 
en  observed.  When  copper  and  zinc  are  in  contact  with  air 
there  is  a  difference  of  potential  at  the  three  junctions,  and  the 
,um  of  the  three  differences  of  potential  is  not  equal  to  zero ; 
d  we  have  no  difficulty  in  explaining  all  the  electrostatic 
effects  that  we  have  obtained.  Dr.  Lodge  has  so  clearly  proved 
the  convenience  of  hia  way  of  looking  at  the  matter  that  it 
would  be  only  wasting  your  time  if  I  were  to  attempt  to  repro- 
dace  his  arguments.  It  seems  to  me  better  to  take  that  basis 
and  pursue  it.  Now,  if  we  take  that  basis  as  our  starting  point, 
;t  is  very  easy  to  set  forth  all  the  theory  of  thermo-electricity, 
id  the  formulie  given  at  the  end  of  Clerk  Maxwell'a  chapter  on 
,t  subject  can  be  proved  with  the  greatest  ease;  it  is  also  easy 
extend  these  formulae  to  the  case  in  which  we  have  chemical 
ion  going  on,  and  to  foreshadow  the  precise  method  by  which 
e  may  he  able  to  ascertain  exactly  what  the  difference  of 
itential  is  between  copper  or  zinc  or  other  metals  and  electro- 
lytes.    I  will  not  take  up  your  time  by  going  o\et  ftiaV  ^QM.Ti\ 


^ea 

nnc 
defi 
tnui! 
WfbTo 
^Lpp€ 

-     fir 

^h. 

^_SUJ 


lae  SEAT  OF  THE  ELEGTRO-MOTIVE  FORCES,  Etc.  [Apr.  a3ri 

now,  but  I  will  pass  on  to  another  point,  which  I  think  has  not 
been  dealt  with  by  Dr.  Lodge,  and  it  is  this  : — Take  the  case  of  & 
Daniell  cell,  consisting  of  copjwr,  sulphate  of  copper,  sulphate  of 
zinc,  and  zinc.  I  do  not  think  Dr.  Lodge  makes  clear  whether 
tho  difference  of  jiotential  Is  between  the  copper  and  the  sulphate 
of  copper  and  between  the  zinc  and  the  sulphate  of  zinc,  or 
between  the  sulphate  of  copper  and  sulphate  of  zinc.  Now  that 
question  is  identical  with  that  of  whether,  in  the  case  of  electro- 
lysing sulphate  of  copper  with  two  copper  terminals,  there  is 
a  large  dilTerence  of  potential  between  cop]ier  and  sulphate  of 
copper  at  each  end  or  whether  there  is  not.  Now,  I  think  we 
have  Bufficieut  esperimental  knowledge  to  settle  that  question 
off-liand — it  is  closely  connected  with  the  observation  which  is 
familiar  to  every  one  that,  if  you  are  electrolysing  sulphate  of 
copper,  where  copper  is  deposited  you  get  an  impoverishment  of 
the  solution,  whereas  at  the  other  terminal,  where  the  copper  is 
being  dissolved,  you  get  a  concentration.  From  that  observation 
it  follows,  I  think,  beyond  all  doubt,  that  the  difference  of 
potential  is  considerable  between  the  solution  and  tho  metal  and 
is  small  between  the  sulphate  of  zinc  and  the  sulphate  of  copper. 

Dr.  Fleming  :  I  do  not  know  that  at  this  stage  I  can  contribute 
very  much  to  the  debate.  The  principal  points  in  question  have 
been  dealt  with  exhaustively  already.  I  must  confess  I  cannot 
follow  very  well  Professor  Perry  through  his  rather  intricate 
reasoning,  but  my  own  position  coincides  very  closely  with  that  of 
Dr.  lx)dge. 

If  anything  could  possibly  add  to  the  great  value  of  the 
Tisurrt^  of  this  sabject,  which  Dr.  Lodge  has  presented  to  us,  it 
would  be  if  he  could  have  pointed  out  to  us  the  beat  direction  for 
research  needed  to  clear  up  iwints  still  in  dispute.  It  seems  quite 
clear  that  no  experiments  on  contact-electricity  in  a  so-called 
vacuum  are  of  any  use,  on  account  of  the  impossibility  of  removing 
more  than  a  fraction  of  the  atmosphere  and  of  the  adhereing  gas 
films.  Also,  with  regard  to  Mr.  Brown's  experiments,  made  in 
sulphuretted  atmospheres,  no  positive  conclusions  can  be  drawn 
on  account  of  the  introduction  of  films  of  oxides  and  sulpliides, 
tSc. ;  but  it  may,  perhaps,  be  possible  \a  make  experiments  on 


I8S5.]  DISCtlSBION.  !!I7 


■u 


fully  cleaned  metals  immersed  wholly  in  a  neutral  nou- 
conducting  liquid,  such  as  [jaraffin,  and  endeavour  to  ascertain  if 
the  phenomena  ore  affected, 

Esi)eriments  of  this  deacription  might  be  worth  trying  again, 
ry  carefully,  and  might  possibly  contribute  to  clear  up  the 
question  of  the  dependence  of  contacf^lectricity  on  the 
stuTounding  medium. 

Professor  Geokoe  FobBES  :  I  will  say  very  few  words,  and  the*>e 
mostly  not  my  own.  The  question  has  little  more  interest  to  me 
than  such  metaphysical  speculatiotiB  as  "  How  many  angeU  can 
stand  on  the  point  of  a  needle  ?  "  "We  cannot  arrive  at  any  con- 
clusiou  in  the  matter  without  experiment.  Dr.  Lodge  has  shown 
reason  for  doubting  the  conclusionB  of  all  old  experiments,  and  he  has 
given  no  new  ones.  I  expect  he  will  say,  in  answer  to  Dr.  Fleming, 
that  no  experiment  would  be  conclueive  to  him.  Either  view  is 
sufBcient  as  a  working  hypothesia,  and  each  person  may  use  as 
such  whichever  view  seema  to  him  simplest.  Dr.  Hopkinson 
thinks  Dr.  Lodge's  way  of  putting  it  is  the  simpler.  I  think  the 
other  is.  And  so  we  agree  to  differ.  My  only  reason  for  rising 
is  to  reail  a  few  remarks  from  Sir  William  Thomson,  on  the  Peltier 
effect,  in  a  letter  I  received  to-day.     He  there  says — 

"  The  existence  of  the  Peltier  effect  proves,  not  simply  dif- 
fference  of  potentials  between  two  metals  in  contact,  but  variation 
of  this  difference  with  temperature,  Thus,if  the  contact-difference 
of  potentials  were  the  same  at  all  temperatures  there  would  be  no 
Peltier  effect. 

"At  temperatures  for  which  the  contact-difference  between 
two  metals  is  a  maximum  or  minimum  (for  example,  284°  C 
for  copjier  and  iron),  the  Peltier  effect  vanishes,  but  the  contact- 
difference  of  [jotentiala  is  not  nil. 

"The  invocation  of  the  PeKier  effect  is  not  particularly  happy 
w  instructive  in  connection  with  Volta's  contact-difi'erence  of 
potentials.  Consideration  of  the  mere  facts  of  thermo-electricity, 
without  si}eciany  thinking  of  the  thermo-dynamieaUy  related 
Peltier  effect,  is  simjiler  in  respect  to  voltaic  theoiy. 

"  Variation  of  difference  of  potentials  between  two  metals,  with 
variation  of  temperature,  is   the    fundamentaV  Yi\ieiiova%TVQti  tA 
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thermo-electricity,  but  no  obsenp-ations  upon  thermo-eleotric  cnr^H 
rents  in  closed  circuits  c&n  give  ns  any  idea  of  the  absolute  valu^H 
of  the  difference  of  potentials  of  which  they  prove  variation  witt^f 
temperature.    The  smallness  of  this  variation  (amounting,  even  in" 
so  large  a  case  as  that  of  copper  and  bismuth,  to  only  about  yhi  °^ 
a  volt  for  100°  C.  difference  of  temperature)  ie  remarkable  in  comf^f 
parison  with  the  largeness  of  the  absolute  difference  of  potentials 
(amounting,  for  example,  in  the  case  of  copper  and  zinc,  to  about 
•7  of  a  volt).     The  most  delicate  measurements  of  Volta-con tact- 
difference,  which  I  have  myself  made,  are  sensible  to  about  j^  of  a 
volt,  and  I  think  it  would  not  be  difficult  to  attain  10-fold  greate^H 
flensibility.     But  attempt  to  measure,  electrostatically,  the  changC^I 
of  Volta-difference  of  potentials  with  change  of  temperature  would 
probably  be  baulked  by  the  surface  changes  (formations  of  filma 
of  oxide,  or  chloride,  or  iodide,  or  ]xissible  changes  of  amount  of 
attached  films  of  gases  not  chemically  combined  according  to 
ordinary  ideas)  which  are  inevitable  with  changes  of  temperaturajH 
unless  the  metallic  surfaces  electrically  tested  are  protected  &oin 
Buch  influences  by  being  in  a  aprengel  vacuiun." 

Professor  AntTON :  With  reference  to  the  interesting  remarli 
of  Sir  William  Thomson  that  Professor  Forbes  has  kindly  cot 
mnnicated  to  us,  on  measuring  what  may  be  called  the  contact 
potential  difference  of  metals  at  different  temperatures  as  distinc 
irom  the  Peltier   effect,   I    may   mention   that    my   coUeaguej 
Professor  Perry,  and  I  carried  out  in  1878  a  number  of  experi- 
ments on  this  very  subject;  and  as  these  es]ieriments  have  not 
yet  been  described,  nor  the  results  published,  and  as,  in  adiUtion,^ 
they  illustrate   in   a  very   forcible   manner  the   difiBculties   Si 
WilUam  has  anticipated  would  probably  be  introduced  by  tt 
formation  of  iihns  of  oxide,  I  raay  perhaps  be  permitted  to  say  . 
few  words  about  them  this  evening. 

On  the   last  occasion  Dr.  l<odge  explained  the  general  con^| 
struction  and  mode  of  using  the  apparatus  we  employed  in  Japan 
for   measuring   the   contact-potential   difference   of   solids    wit 
solids,  solids  with  liquids,  and   liquids  with  liquids,  so  that  yoB 
will  understand,  without  further  description  on  my  part,  how, 
means  of  that  induction  apparatus,  "«e  were  able  to  measure  tl 
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contact-potential  diEFerence  of  hot  and  cold  mercury.  The  hot 
and  the  cold  mercury  were  pat  into  two  porcelain  dishes  side 
by  side,  which  had  been  thoroughly  de-electrified  by  having 
been  passed  through  the  flame  of  a  spirit  lamp,  and  the  two 
mercuries  were  connected  by  a  email  column  of  mercury  in  a 
glass  eyphon  tube.  The  mercury  in  one  of  the  vesBels  wan 
electrically  joined  to  the  metal  ease  covering  the  whole  apparatus, 
since*  this  arrangement  diminishing  the  error  arising  from  any 
want  of  perfect  symmetiy  in  the  apparatus. 
The  following  are  samples  of  the  results  obtained : — 

April  1st,   1878. 


TemperRtnre 
of  Hoi  Mercury. 

Temperature 
or  Cold  Mercury. 

Potential  DiSereace 
ill  VoltB. 

48°C, 

n^c. 

0*97 

35° 

» 

1-00 

32° 

H 

0-89 

27° 

17°-25 

0-87 

aa^-fl 

» 

0-70 

20° 

n 

0-53 

18° 

iv-s 

0-36 

17''-8 

17°-5 

0-20 

17°-5 

17°-5 

0-14 

April  4th, 

1878. 

53° 

16° 

1-19 

46° 

i> 

n.QK/   Vulf  d  from  OJS  tn  CM17  I 
"  •'"Via  JIBirtiiloliMrnilluinJ 

40° 

17° 

0"94  {VuIkI  rromMl  wow.) 

31° 

18°-8 

0-82 

23°-5 

W 

0-66 

At  this  period,  the  gilt  induction  plates  were  found  to  bo 
'somewhat  affected  by  the  mercury  vapour,  and  the  experiments 
were  stopped  imtil  the  plates  had  been  regilt. 

In  all  cases  the  cold  mercury  was  positive  to  the  hot. 
■     If  the  above  results  are  tabulated  for  difference  of  tempera- 
ture and  plotted,  we  obtain  two  sets  of  points,  AAA  and  B  B  B 

■  "  On  the  Contact  Theory  of  Voltaic  Action;'  Paper  No,  III,,  Phil.  Trami., 
.  I.,  1B60. 
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shown  respectively  by  dote  and  crosses,  and  which  lie  roughly  on 
the  curve  shown. 

HOT  AND  COLD  MEECDET. 


miFtaiNci  or  iiHPiiiAtvBS. 


Another  set  of  experiments  was  made  to  determine  the  conts 
potential  difference  of  mercury  with  iron,  mercury  with  copper 
mercury  with  platinum,  and  mercury  with  lead,  respectively,  whe 
the  mercury  was  made  to  have  different  temperatures.     The  next' 
figore  gives  an  idea  of  the  sort  of  results  obtained,  the  hot  me 
cury  being  negative  to  both  iron,  copper,  and  to  platinum.     Th^ 
values  of  mercury  with  the  metal  at  the  same  temperature  wer 
obtained  after  several  hours'  cooliug. 

The  results  of  the  eiperimenta  made  with  mercury  and  le 
are  not  given,  as  they  are  too  indefinite  to  be  at  all  trustworthy  j 
and,  indeed,  in  all  the  eiperimenta  with  hot  mercury  there  wae  , 
certain  vagueness,  since,  although  approximately  the  same  vali 
of  the  contact-potential  differences  might  be  obtained  on  suo- 
cessive  trials  at  the  same  temperatures,  occasionally  a  totally 
different  value  would  be  obtained  for  the  same  difference  o^H 
temperature.  It  was  at  first  thought  that  some  effect  might  be  du^^ 
to  a  slow  amalgamation  of  the  induction  plates  arising  from  the 
vapour  arising  from  the  hot  mercury;  but  this  was  not  the  case, 
as  the  electrometer  deflection  -was  th.e  a&me  immediately  after  the 
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rotation  of  the  hot  and  cold  mercury,  or  of  the  hot  mercury  and 
cold  metal,  as  it   was  after  they  had  been  left  for  some  time 


SirFGItllSCK  or  TBUFERAtUnE. 


aabseqiiently  to  their  rotation  ;  that  is  to  say,  the  large  contact- 
potential  difference  was  not  in  any  way  a  time  effect.  The  real 
explanation  of  the  high  potential  difference  and  the  abnormality 
of  the  results  was  that  probably  the  main  jwrtion  of  the  potential 
difference  measured  inductively  waa  produced  by  an  inviMle 
film  of  oside  on  the  surface  of  the  warm  mercury,  which  jmsaibly 
exiHted  in  spite  of  the  fact  that  every  effort  was  made  to  remove 
this  oxide  by  distilling  the  mercury  between  every  two  sets  of 

^wtperimente. 

It  is  to  be  observed,  too,  that  when  the  mercury  in  contact 

"with  the  copper  plate  has  cooled  down  to  the  teTQ^Ta.\,Vkia  cS  \Xifc 
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plate,  the  contoct-xKitentiftl  difference  is  higher  than  the  value  we 
have  previously  obtained,  viz.,  0*308  volts,  for  the  contact  dif- 
ference of  these  two  substances.  The  discrepancy  in  this  case 
may,  however,  have  been  produced  by  slight  anialgamat  ion  of  the 
copper  strip  in  contact  with  the  mercury  having  occurred  during' 
the  hours  of  cooling. 

Another  anomalous  result,  which  may  also  be  regarded  as  a 
proof  of  the  existence  of  an  invisible  film  of  oxide,  is  that  the 
Hummation  law  does  not  hold  true ;  that  is  to  say, the  electro-motive 
force  of  a  combination  is  not  equal  to  the  algebraical  sum  of  the 
various  potential  differences  at  the  contacts,  meaBuied  induutively, 
and  which  we  have  always  found  to  be  true  in  other  cases  when 
the  experiments  were  conducted  with  as  much  care  as  was  devoted 
to  those  made  with  hot  mercury.     For  example — 

Copper  at  16°  C,  v/ithclea-n  mercury  at  16°  C,  has  a  contact- 
difference  of  0-.108  voltB. 

Mercury  at  16"  C,  with  inercury  at  26"  C,  has  a  contact- 
difference  of  0-75  volts. 

Mercury  at  26°  C,  with  copper  at  16°  C,  has  a  contact-differ- 
ence of  — 1*5  volts. 

Therefore,  if  these  numbers  represented  the  true  contact-potential 
differences,  a  thermopile  consisting  of  two  pieces  of  cold  copper 
at  16°  C,  dipping  into  two  vessels  of  mercury  one  of  which  was 
warmed  up  to  26°  C,  and  which  were  joined  together  by  a  syphon 
tube  containing  mercury,  ought  to  have  an  E.M.K.  of  half  a  volt. 
But,  as  was  to  be  anticipated,  we  found  experimentally  that  no  such 
EJM.K.  could  be  obtained  with  such  a  thermopile,  unless  there 
were  an  oxide  present  at  the  hot  junction  separating  two  of  the 
metals  and  thereby  introducing  a  high  resistance. 

Contrasting  these  results  wiih  those  given  in  our  papers  read 
before  the  Hoyat  Society  (and  which  prove  conclnsively  that  when 
a  cell  is  fonned  of  a  number  of  substanccB,  sohd  or  hquid,  at  the 
same  temperature,  its  E.M.F.  is  equal  to  the  algebraical  sum  of 
the  various  contact-potential  differences  measured  ■mductivelj/,  in 
air,  of  each  of  the  pairs  of  substances  in  contact  in  the  celt),  are 
we  not  justi&ed   in  concluding  that  the  values  of  the  contact- 
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potential  differences  there  given  by  ub  are  the  trae  values,  and 
are  not,  as  Dr.  Lodge  maintains,  due  to  layers  of  oxide  ?  At  any 
rate  we  cannot  admit,  that  Ibis  view,  which  we  have  all  along  held, 
has  been  disproved  bj-  any  evidence  adduced  by  Dr.  Lodge,  and 
certainly  not  by  any  different  values  for  these  contact-differences 
being  obtained  by  Mr.  Brown  in  other  gases  than  air — first, 
because  even  Dr.  Lodge  will  admit  that  such  experiments  were 
vitiated  by  the  layer  of  oxide  formed  ;  and,  secondly,  because  we 
maintain  that  the  summation  law  will  not  be  found  to  hold  with 
Eoch  results  as  Mr.  Brown  obtained,  and  which  conclusively  proves 
Ihat  such  results  do  not  re[iresent  the  true  contact-potential 
differences  of  the  substances  in  the  medium  employed. 

So  far,  then,  I  maintain,  esi)eriment  is  against  Dr.  Lodge's 
riewB.  Next,  I  do  not  think  it  is  quite  right  to  say  that  the 
difference  between  Dr.  Lodge  and  om-selves  is  a  mere  question  of 
nomenclature,  as  has  been  urged  by  Dr.  Hopkinson.  Dr.  Lodge 
considers  that  our  view  is  not  only  unsupported  by  exj>enment, 
but  is  untenable  from  theoretical  reasons.  He  further  suggests 
the  existence  of  an  air  effect  as  if  it  were  a  totally  new  suggestion, 
and  one  that  bad  been  overlooked  by  experimenters  on  contact- 
potential  differences.  Here  I  join  issue  with  bim,  and  maintain 
that  he  is  quite  wrong  in  imagining  that  the  Volta  theory  as 
extended  by  Thomson  has  any  theoretical  absurdity  in  it  such  as 
he  imagines  to  exist.  The  possibility  of  au  air  effect  was  fully 
foreseen  by  us.  In  our  third  paper,  published  in  1880,  we  drew 
especial  attention  to  the  possibihty  of  such  an  air  effect,  and  we 
showed,  exactly  as  he  has  now  shown,  that  the  simple  measure- 
ments of  con  tact -potential  difference  by  themselves  gave  no 
indication  as  to  whether  there  is  or  is  not  an  air  effect.  I  do  not 
think  that  any  decisive  experiments  for  or  against  the  existence 
of  a  large  potential  difference  existing  between  a  metal  and  the 
air  have  yet  been  made,  and  beyond  the  advantage  that  accrues 
&om  eliciting  jieople's  opinions,  1  venture  to  think,  with  all  due 
deference  to  Dr.  Lodge,  that  his  elaborate  and  most  carefully 
worked  out  paper  leaves  the  matter  in  exactly  the  same  state  in 

Kch  it  previously  was. 
Dr.  Lodge  ape&ks  in  bis  paper  of  M.  Pellat's  ex'pVimaW.oti  tA  €nfe 
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reoaoD  why  a  contact-potenliaJ  difTerenee  between  two  metals 
not  neceBBarily  accompanied  by  a  production  of  beat  when 
current  flows  across  the  junction,  as  *'a  piece  of  unpleasantly" 

planaibte  reasoning,  wliich  I  myself  have  beard  Professor  Ayrlon 
use,  and  which,  when   tmexpectedly  suggested,  is  so  painfully 
benumbing  that  it  is  worth  while  to  quote  it,  and  to  indicate  its 
weak  point."     I  can  only  imagine  from  this  that  Dr.  Lodge  ha 
been  so  really  benumbed  by  the  argument  that  he  has  failed 
grasp   its  meaning.     Dr.   Lodge's   fundamental  argument — the 
argument,  in  fact,  on  which  his  whole  paper  is  based^is  thia^H 
He  aBSUTiifB  that  in  all  cases  where  there  is  a  considerable  dif- 
ference of  potential  at  a  junction,  beat  or  cold  must  be  developetl 
when  a  current  flows  across   that  junction.     He  states  what  is 
quite  true  and  well  known — that  practically  no  beat  is  developed^| 
when  a  current  flows  from  zinc  to  copper  across  the  junction^* 
therefore   he   concludes   that  there  can  be  no  contact-potential 
difference  at  this  junction  like  three-quarters  of  a  volt.     But  th^H 
reasoning  is  based  on  a  totally  wrong  conception  of  the  Peltier 
effect,  which  I  am  astonished  to  find  esists  in  the  mind  of  a  man 
with  tlie  scientific   powers  of  Dr.  Lodge.     The  aviount  of  heat 
generated  when  a  unit  cwrrent  ia  stni  through  a  junction  for  a 
second  is  undouhtedly  the  measure  of  the  coe£icient  of  tJie  Pdlier 
effect :  but  thh  coefficient  is  in  no  sense  a  measure  of  the  contact- 
potential  diff'ereiice  existing  at  the  junction.     What  the  Peltier 
effect,  at  a  junction  of  two  substances  at  a  given  temperatur^H 
measures,  is  the  product  of  the  absolute  temperature  intotbe  rat^^ 
of  variation,  with  temperature,  of  the  contact-potential  differenc? 
at  that  temperature ;  in  other  words,  if  fl  is  the  Peltier  effect 
a  junction  which  is  at  an  absolute  temperature  (,  and  if  V  is  tl 
contact-potential  difference  at  that  temperature, 

dV 
^  =  'dt- 

Hence  the  magnitude  of  11  does  not  measure  V,  but  merely  t  -rt 

and  the  error  of  Dr.  Lodge  is  of  the  same  sort  of  order  as  saying 

that  a  train  going  at  a  very  nearly  uniform  speed  is  necessarily 

moving  very  slowly  because  the  change  of  speed  per  second  is 

verf  small. 
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This  disposes  of  the  objection  batted  on  the  Bmalluess  of  the 
Peltier  effect. 

It  raay  further,  however,  be  objected  tliat  since  the  work  done 
in  moving  a  unit  of  electricity  from  a  point  of  low  to  a  point  of 
high  potential  ia  a  measure  of  the  potential  difference,  it  followa 
liiat  if  a  zinc  plate  were  really  at  anything  like  three-quartera  of 
a  volt  higher  potential  than  a  copper  plate  in  contact  with  it, 
a  unit  of  electricity  in  passing  fronn  the  zinc  to  the  copper  must 
give  out  as  heat,  or  in  some  other  form,  the  work  which  ia  a 
measure  of  this  potential  difference;  and  as  no  such  a  manifes- 
tation of  heat  is  produced  when  electricity  passes  from  zinc  to 
copper,  that  therefore  there  cannot  be  such  a  potential  difference 
as  three-cj  darters  of  a  volt  between  them. 

But  this  reasoning,  I  wish  specially  to  impress  on  yoii,  is 
defective.  It  is  quite  right  to  say  that  the  work  done  in  moving 
a  unit  of  electricity  from  a  point  of  low  potential  in  the  air  to  a 
point  of  high  potential,  also  in  the  air,  is  a  measure  of  the 
potential  difference;  but  this  may  cease  to  be  true  if  the  points 
be  in  different  media.  For  example,  it  is  quite  conceivable  that 
to  move  a  unit  of  electricity  from  a  point  A  in  a  copjier  wire 
to  a  point  B  in  a  zinc  wire  ie  practically  nought,  whether  we 
fiimply  pass  st  raight  across  the  junction  along  the  direct  jiath  A  B, 
or  whether  we  Erst  take  our  test  unit  out  of  the  copper  to  a 
point  D  in  the  air  close  to  the  surface  of  the  copjier,  then  from 
the  point  D,  along  the  path  D  E  F,  in  the  air  to  the  point  F 
close  to  the  zinc,  and,  lastly,  into  the  zinc  from  F  to  B. 


To  move  the  unit  from  D  to  F  along  the  path  D  E  F  will 
require  an  amount  of  work  which  is  a  measure  of  the  three- 
<juarter-volt  potential  difference  between  Dand  F;  but  to  move  it 
from  A  to  D  out  of  copper  into  air,  and  from  F  to  B  out  of  air 
into  zinc,  m&y  exactly  counterbalance  this  amount  o^-wqiVl,  so  ^^i'a.V 
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the  copper  and  zinc  may  reaU/y  be  at  three-quarters  of  a  vo 
potential  difference  as  tneasiired  inductively  by  an  electrometer, 
and  yet  there  may  be  no  work  required  to  move  electricity  from 
a  point  in  one  metal  to  a  point  in  the  other,  either  across  the 
junction  or  out  of  one  metal  through  the  air  and  into  the  other. 

This  18  equivalent  to  saying  that  electricity  may  jxissess  a 
form  of  energy  different  from  potejii'ial  energy,  which  latter  is 
measured  by  an  electrometer ;  so  that,  in  order  to  completely 
specify  the  energy  of  a  charged  body,  it  would  be  necessary  not 
merely  to  s[iecify  the  quantity  and  the  potential,  but  also  t\ 
material  of  which  the  body  was  composed. 

It  is  not  therefore  at  all  necessary  to  assume  that  there 
any  difference  of  potential  between  a  metal  and  the  air  in  contact 
with  it. 

Finally,  therefore,  I  conclude — 

1.  Inductive    experiments    made   on    the    contact-potent 
difference  of  zinc  and  copper  show  that  the  potentials  of  \ 
point  in  the  air  close  to  the  zinc  and  a  point  in  the  ai^ 
close  to  the  copper  differ  by  about  three-quarters  of  &» 
volt.  H 

2.  The  smallness  of  the  Peltier  effect  adduced  by  Cleric 
Maxwell,  Dr.  Lodge,  and  others,  to  prove  that  the  real 
contact-potential  difference  between  metala  must  be  small, 
and  that  therefore  the  greater  part  of  the  above  three- 
quarters  of  a  volt  must  be  due  to  air  effects,  doea  not  pro^H 
ikia  at  all. 

3.  No  proof  has  yet  been  given  that  there  is  any  air  effect  at 

all.     It  is  quite  easy  to  show  how  the  potentials  of  zinc 
and  copper  may  differ  by  three-quarters  of  a  volt,  and 
how  no  large  amount  of  heat  may  be  produced  when 
electric  current  flows  across  a  junction, 

4.  No  proof  of  any  kind  has  been  given  that  zinc  and  copj 
in  contact  da  not  really  differ  by  three-quarters  of  a  vc 
in  potential. 

6.  Tlie  fact  that  the  E.M.F.  of  a  battery  is  equal   to  the 
algebraical  sum  of  the  actual  contact-potential  differencda| 
of  each  of  the  pairs  of  contact  measured  inductively  at 
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•  '  one  temperature,  tends  to  prove  that  there  is  no  oxide  on 

tlie  surfaces  of  the  subataoces  when  their  inductive 
raeasureraents  are  made,  and  also  tends  to  prove  that  the 
potential  differences  bo  measured  are  the  actual  potential 
difierenoefl  of  the  substances  themselves. 
Air.  SwiNBuiciE ;  Of  the  two  rival  theories,  the  coutact  theory 
and  the  chemical  theory,  neither  seems  to  explain  the  phenomena 
of  electrolysis.  If  the  electro-motive  force  depends  on  the  contact 
of  the  metals,  it  should,  aa  Dr.  Hopkinson  has  already  pointed  out, 
be  always  the  same,  whatever  be  ttie  chemical  action.  But  it  i» 
not.  As  a  good  example,  the  case  of  a  secondary  battery  may  be 
taken :  with  sulphuric  acid  as  electrolyte,  it  gives  one  electro-motive 
force ;  with  caustic  soda,  another ;  and  there  are  very  many  similar 
cases.  The  chemical  theory,  as  conomonly  understood,  is  that  the 
electrical  work  done  by  a  cell  is  equal  to  the  chemical  work  done 
■  in  it.  According  to  this,  the  electro-motive  force  should  always 
be  the  same  when  the  chemical  work  is  the  same.  But  it  is  not. 
Dr.  Lodge's  theory  is,  of  couraie,  not  the  orthodox  chemical 
y.  In  calculating  the  Volta  effect  as  due  to  aflinity  for 
oxygen,  Dr.  Lodge  appears  to  have  taken  figures  for  the  production 
of  oxides  which  do  not  take  into  account  the  heat  given  out  by  the 
gas  on  changing  t.o  the  solid  state.  J.  Thomsen,  who  is  generally 
Dr.  Lodge's  authority  as  to  therm  o-chemical  numbers,  does  not 
seem  to  say  much  about  the  reduction  to  the  solid  state,  but 
irthelot  lays  great  stress  on  these"  matters,  and,  though  it  might 
lOt  affect  Dr.  Lodge's  result,  which  is  the  difference  between  two 
impposed  affinities,  it  is  as  well  to  remember  that  the  zinc  and 
T  ought,  according  to  bis  theory,  to  be  more  than  1-8  and  "8 
Its  below  the  air.  According  to  Dr.  Lodge's  theory  the  electro- 
.otive  force,  in  the  case  of  the  Volta  effect,  is  due  to  the  tendency 
of  the  oxygen  and  zinc  to  combine,  and  not  to  their  actually  doing 
■o.  If  zinc  has  an  affinity  for  gaseous  oxygen,  or  for  oxygen  in  the 
fonn  of  condensed  films  on  the  surface,  why  does  it  not  combine 

■with  it  ?  If  this  affinity  is  a  force  which  can  cause  or  sustain  a 
proportionate  difference  of  potential,  where  is  the  equal  but 
ppposite  force  ?  The  case  is  not  analagous  to  electrolytic  ]}olarisa- 
tion,  where  the  radicles  of  the  electrolyte  muai  \ie  Votu  asosAe^, 
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for  gaseous  oxygen  is  certainly  not  an  electrolyte.     The  case 
two  metals  in  oxygen  is  analogous,  not  to  that  of  two  metals  in 
water  or  dilute  acid,  but  in  chlorine  water.     Again,  if,  instead  of 
zinc,  we  take  a  metal  that  will  combine  with  gaseous  oxygen,  wLat 
will  happen  ?     If  the  tendency  to  combine  produces  a  differen 
of  potential,  we  may   surely  conclude  that  actual  combinatj 
cither  produces  a  current  or  raises  the  potential  till  the  differem 
of  [xttential  counteracts  the  tendency  to  combine,  and  combinatioa 
ceases,     If  a  bit  of  sodium  is  insulated,  and  cut  so  as  to 
clean  surfaces,  it  does  not  appear  to  charge  op  to  a  point  where 
potential  is  equal  to  its  affinity  for  oxygen  and  then  stop,  for  i. 
film  formed  corresponds  to  a  large  quantity  of  electricity.     Whi 
becomes,  then,  of  the  charges  of  the   oxygen   particles? 
sodium  does  not  go  on  rising  in  potential  till  it  discharges  by' 
sparks  or  brushes. 

Would  not  a  modification  of  Dr.  Lodge's  theory,  in  which  watei 
vapour  takes  the  place  of  oxygen,  explain  the  Volta  effect  just 
well?     In  the  first  place,  wfiter-vapour   may  be   considered 
electrolyte ;  so  we  get  rid  of  fsome  of  the  difficulties.     Moreovi 
many  metals   seem  to   oxidise  only  in  damp   air.     Dr.  Lodge 
argues  that  oxygen  is  practically  omnipresent,  and  is  thus 
cause   of   the   ^'olta   effect   tn   as   perfect   vacuums  as   can 
obtained,  as  well  as  sometimes  in  various  gases.     Water-vapo 
is,  perhaps,  even  more  difiBcult  to  get  rid  of,  and  its  presence 
may  be  more  freely  assumed  in  the  various  cases  mentioned  thoi^H 
that  of  oxygen.  The  presence  of  ammonia  in  iron-rust  is  a  cnriou^^ 
point,  and   may  some   day   throw   some   light   on  this  subject. 
I  do  not  advance  any  theory  ascribing  the  Volta  effect  to  t 
presence  of  water-vapour,  or  to  anything  else,  but  merely  say 
that  Dr.  Lodge  has  not  shown  that  it  may  not  as  well  be  due  t^^ 
water-vapour  as  to  free  oxygen.  ^| 

Dr.  Lodge  goes  on  to  give  a  table  of  what  he  calls  "  Volta  effects 
in  water,"  taken  from  Beetz  and  Chfton,  If  the  Volta  effect  is  duo 
to  the  aifinity  of  metals  for  gaseous  oxygen,  difference  of 
potential  due  to  an  electrolyte  can  hardly  be  called  a  Volta 
*fffect,  as  the  analogy  does  not  hold.  I  do  not  quite  see  h 
Dr.  Lodge  calculates  these  effects.    Does  he  assume  that   thi 
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oxygen  is  free,  or  does  lie  subtract  its  affinity  for  the  hydrogen 
with  which  it  is  already  combined?  The  change  of  state  of  the 
hydrogen  must  also  be  remembered.  The  numbers  seem  almost 
too  wide  of  the  mark  to  mean  anything.  The  sume  remarks  as 
to  false  analogy  apply  to  Dr.  Lodge's  so-called  Volta  effects  in 
sulphur  and  hydrogen  sulphide;  and  the  same  remarks  about  the 
physical  states  may,  of  coarse,  be  made  again. 

Dr.  Jjodge  baa  develojied  his  theory  of  the  Volta  effect  to 
account  for  the  difference  of  jxitential  in  cells  when  electricity  is 
driven  through,  and  ascribes  the  difference  of  electro-motive  force 
needed  to  do  the  same  chemical  work  with  different  metals  as 
electrodes  to  their  different  affinities  for  oxygen.  If  this  theory 
be  true,  with  the  same  metals  and  the  same  chemical  work  but 
different  electrolytes,  we  should  always  need  the  same  electro- 
motive force  ;  but  that  does  not  seem  to  be  the  case.  Why  should 
the  affinity  for  only  oxygen  be  considered  ?  Why  should  not  the 
relative  affinities  of  the  metalri,  and  of  hydrogen,  for  the  electro- 
negative radicles  be  taken  into  account  ?  I  think  that,  in  the  study 
of  elect roly sill,  we  must  give  up  the  old  base  and  acid  theory  of 
theconatitutionof  salts,  and  must  eradicate  all  the  notions  derived 
from  it.  We  must  look  upon  zinc  sulphate,  not  as  a  compound  of 
aoc  and  oxygen  and  then  of  zinc  oxide  and  sulphuric  anhydride, 
bat  as  a  compound  of  tlie  electro-positive  radicle  zinc  and  the 
electro-negative  radicle  sulphion.  Of  course  this  classili cation 
becomes  somewhat  oomphcated  in  many  cases,  for  radicles  may  be 
themselves  split  into  pairs.  Take,  for  instance,  the  case  of 
potassium  iiermanganate,  or  the  case  of  the  solution  of  zinc  in 
caustic  soda,  where  the  zinc  seems  to  become  the  electro-positive 
part  of  the  electro-negative  radicle.  Some  time  ago  Dr.  Lodge 
published  some  iwpera  on  secondary  batteries,  according  to  whicli 
oxide  of  lead  was  formed  on  discharging  the  cells,  and  the  affinity 
of  lead  and  sulphion  was  not  taken  into  account,  the  formation  of 
sulphate  of  lead  being  regarded  as  a  sort  of  secondary  action.  I 
thought  eveiy  one  who  has  worked  much  with  secondary  batteries, 
including  Dr.  Lodge,  had  given  up  these  ideas  long  ago,  but  he 
seems  still  to  think  chiefly  of  the  affinities  for  oxygen.  Another 
idea,  which  obscures  tbe  subject  very  much,  is  t\ie  ■na^ceaX,  ^w. 
VOL.  xi\:  17 
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theory ;  all  electrolytic  action  is  said  to  be  doe  to  nascent  oxygen 
and  nascent  hydrogen.  It  does  not  at  all  follow  that  since  hydro- 
gen is  evolved  when  zinc  is  put  in  sulphuric  acid  in  the  presence 
of,  say,  an  iron  persalt,  that  the  reduction  of  the  iron  i>ersalt  is 
caused  by  the  nascent  hydrogen.  Reduction  can  take  place  with- 
oat  hydrogen  being  evolved,  and  when  there  is  not  enough  electro- 
motive force  available  to  evolve  hydrogen  at  all.  We  can  onlv  say 
that  the  chemical  action  taking  lea'it  energy  takes  jilace ;  that  is 
to  say,  in  the  case  of  the  iron  persait,  that  the  moving  electricity 
passes  by  reducing  the  persait  when  it  is  available,  and  when  it 
is  not  by  evolving  hydrogen.  Even  the  terms  "oxidise"  and 
''reduce"  will  depart  further  than  ever  from  their  original  mean- 
ings as  the  electrical  theory  of  chemistry  develops.  I  have  tried 
a  few  experiments  with  small  cmrents  passed  through  cells  with 
diSeient  electrodes  and  different  electrolj-tes,  so  as  always  to  do 
the  same  chemical  work — that  is,  to  evolve  oxygen  and  hydrogen^ 
but  have  not  made  enough  to  publish  the  results  yet,  and  I  do  not 
advocate  any  theory  now. 

This  last  method  seems  to  be  one  of  the  simplest  and  most 
promising.  It  would  also  be  interesting  to  put  the  cells  in  a 
calorimeter  and  note  the  effects  on  passing  a  given  quantity  of 
electricity  through  at  different  rates.  Some  of  the  unexplained 
discrepancies  may  be  due,  as  Dr.  Hopldnsou  points  out,  to  the 
electrolytes  being  beterngeneous,  and  it  would  have  to  be  found 
out  whether  the  heterogeneity  exists  only  when  there  is  a 
current,  a^i  in  the  case  mentioned,  or  even  wlien  electrodes  are 
kept  at  different  iiotentials  in  the  liquid  ivithout  a  current.  The 
heterogeneity  is  dwelt  upon  in  "  Miller's  Chemistrj","  if  I  may 
trust  my  memory. 

It  would  be  interesting  to  know  how  the  advocates  of  the 
contact  theory  exjjlain  the  Peltier  effect.  If  a  contact-force  of  a 
volt  or  two  does  not  cause  heating  or  cooling  on  i)assing  electricity 
oorosa  a  metallic  junction,  a  few  microvolts  cannot  do  so  either. 

If  the  contact-force  which  causes  the  Peltier  effect  be  due  to 
the  chemical  affinities  of  the  metals,  the  contact-force  between 
sodium  or  potassium  must  be  enormous,  as  Dr.  Lodge  remarks ; 
bat  we  know  these  forces  baVance  m  a  c«c\jit  of  metals  at  the 
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e  temperature ;  so  in  a  circuit  of  iron,  mercury,  irtm,  sodium, 
we  ought  to  have  an  enormous  Peltier  effect  between  the  iron 
and  mercury,  or  iron  anil  sodium. 

The  importance  of  the  ilisoovery  of  the  htws  of  electrolysis 
cannot  be  overestimated,  as  it  would  give  a  means  of  determining 
many  thermo-chemical  values  which  now  give  great  trouble.  In 
&ct,  it  ia  probable  that  eleetriciana  will  do  more  to  advance 
the  sfience  of  chemistry  in  the  ae^t  few  years  than  chemists 
themselves. 

Professor  S.  P.  THOMPSON:  We  have  heard  more  than  one 
speaker  to-night  announce  himself  as  remaining  still  an  adherent  of 
e  contact  theory.  I  should  like  just  to  ask  what,  after  all,  the 
tact  theory  is,  and  what  evidence  there  is  for  it.  If  I  under- 
stand the  matter  rightly,the  contact  theory  is  this — that  the  seat 
of  the  electro-motive  force  in  the  circuit  is  not  at  the  place  of 
chemical  activity  where  the  energy  enters  the  circuit,  but  at  the 
place  where  there  are  two  mutually  inert  metals  in  contact  one 
with  the  other;  and  the  evidence  for  tliia — the  only  kind  of 
idence,  so  far  as  I  am  aware,  that  can  be  produced  in  favour  of 
most  improbable  doctrine — is  that  when  you  ta,ke  a  piece  of 
metal  Bun-oiinded  by  air — an  oxidising  medium,  be  it  observed — 
id  bring  it  into  contact  with  a  piece  of  a  different  metal  also 
rrouuded  by  the  air,  there  is  on  observable  difference  of  electric 
'tential  between  two  points  in  the  air  respectively  near  to  these 
o  metalfl.  Does  that — can  that — prove  that  there  ia  a  difference 
of  potential  between  the  two  metals  V  Does  it  not  equally  prove 
that  they,  being  respectively  at  different  potentials  from  the  air, 
are  themjselves  at  one  common  potential  ?  There  were  some 
experiments  referred  to  to-night  (and  I  regretted  to  observe  that 
,aeveral  speakers  wbo  referred  to  them  were  disposed  to  speak 
ightingly  of  their  importance),  made  by  Mr.  Brown,  of  Belfast, 
at  seem  to  me  to  be  of  the  very  highest  significance,  though 
ly  are  avowedly  only  of  a  qualitative  character.  ^Ir.  Brown 
,de  experiments  on  the  differences  of  potential  to  be  observed 
,1  points  near  metals  in  contact,  when  the  surrounding  medium 
was  other  than  air,  and  he  found  the  differences  of  potential  not 
to  depend  so  much  on  the  metals  that  were  vu  cotiVac^,  ■^v^>i  wip. 
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iinother  as  on  the  medium  whieli  sarrounded  the  metals.  Nov, 
the  exception  that  has  been  taken  by  the  upholders  of  the  so- 
called  contact  theory  to  Mr.  Broom's  exj(erimeut9  ia  that  these 
media — chlojine,  Euljjhm-etted  hydrogen,  and  the  like — act 
chemically  ujxiii  the  metals  that  are  placed  in  them.  This  is 
perfectly  tme,  but  so  does  air.  If  one  set  of  experiments  are 
inadniisBible  because  of  ehemical  action,  so  are  also  the  other  set. 
I  tlierefore  fail  to  see  why  esperimcnt.i  made  on  metala  in  air  are 
a  whit  more  conclusive  than  those  made  on  metals  in  other  gases. 
Yet  that  is  precisely  what  Professor  Forbes  aasumes  in  still 
upholding  the  so-called  contact  theory.  I  beheve  the  theory  to 
be  fallacioUB,  and  founded  upon  exiieriments  which  are  fullacioua, 
simply  because  they  are  made  in  an  oxitlising  medium.  Until 
experiments  are  made  on  metals  in  the  entire  absence  of  any 
chemically-active  medium,  I  shall  dechne  to  believe  that  the 
so-called  contact  phenomena  —  which  Mr.  Brown  has  shown 
to  depend  on  the  medium,  and  to  vary  with  the  medium, 
are  not  due  to  the  medium.  1  strongly  support  Professor 
Lodge's  views,  and  believe  tbe  position  he  has  taken  is  unassail- 
able on  the  facts. 

Professor  AvRTOS:  Professor  Thompson  is  mistaken  in  thinking 
that  the  contact  theory  makes  the  seat  of  the  electro-motive  force 
at  the  junction  of  the  metala;  on  the  contrary,  what  it  says  is 
that  the  electricity  rises  in  potential  at  this  junction.  The  great 
objection  to  Mr,  Brown's  results,  and,  indeed,  in  my  mind  the 
proof  that  they  were  vitiated  by  films  of  oxide,  is  that  the 
sum  of  the  contact-potential  differences  as  measured  by  him 
inductively  in,  say,  chlorine  gas,  would  not  he  equal  to  the 
electro-motive  force  of  a  cell  built  up  of  the  pairs  of  materials 
Le  used. 

Professor  S.  P.  Thompson  :  I  am  quite  ready  to  admit  that 
Mr.  Brown's  experiments  are  imperfect ;  in  fact,  they  do  not  go 
far  enough.  For  my  own  part,  I  do  not  doubt  for  a  moment  that, 
if  repeated  with  great  care,  they  will  show  exact  agreement 
amongst  themselves.  Take  the  case  of  copper  and  zinc.  Zinc 
ap^tears  to  be  positive  with  respect  to  copper  in  air — an  oxidising 
medium — and  it  is  positive  to  co^pei  in,  -"Katftt  ot  dilute  sulphuric 
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acid,  both  of  vfbich  are  oxidising  media  ;  and  if  the  separate  dif- 
ferences of  potential  between  a  series  of  raetals  in  air  are  taken, 
the  first  of  them  being  zinc  and  the  last  of  them  copper,  the  sum 
of  the  differences  will  be  found  equal  to  the  whole  difiference  of 
potential.  Take  the  same  series  of  metals, however, and  surround 
them  fairly  with  any  other  medium  than  air — say  a  sulphurising 
medium — and  measure  their  separate  differences  of  potential  in 
that  medium  :  I  have  not  the  smallest  doubt,  that  the  potential- 
diflference  from  firs^t  to  last  will  be  erjual  to  the  sum  of  the  aeparatp 
differences  in  that  medium.  To  think  otherwise  would  be  to 
doubt  the  uniformity  of  the  great  thermo-dynamic  law  •  which 
includes  within  its  operations  the  distribution  of  electric  potentials 
in  a  circuit. 

Professor  Ayrton  (note  added  in  reply,  July,  1885):  That  the 
electro-motive  force  of  any  combination  must  of  course  he  equal 
to  the  algebraical  sum  of  the  potential-differences  actually  existing 
at  the  time  at  the  various  contacts,  is  a  self-evident  fact ;  but  that 
is  a  totally  different  thing  from  saying  that  the  electro-motive 
force  of  a  combination  is  equal  to  the  algebraical  sum  of  the  con- 
tact-potential differences,  each  measured  inductively  with  a 
Kohlrausch  arrangement.  Tin's  latter  is  not  self-evident.  We 
find  that  it  is  true  when  the  experiments  are  carefully  made  in 
air;  but  it  will  not,  I  believe,  be  found  to  be  true  when  the 
experiments  are  performed  as  Jlr.  Bi'own  conducted  them,  because 
films  of  oxide,  sntphide,  &e.,  are  present  on  the  surfaces  of  the 
substances  when  the  induction  experiments  are  being  made,  but 
are  not  present  between  the  substances  when  they  are  joined  up 
together  to  make  a  cell.  In  fact,  as  stated  in  my  remarks  on  the 
results  of  our  exi>eriments  on  the  contact-potential  difference  at 
various  temperatures,  the  fact  that,  the  electro-motive  force  of  a 

•  Not*  addtd,  June,  1S85. — If  the  flam  of  the  iliSi!renc««  uf  pntentioli  of  k 
seriiw  »reri=  not  equaJ  lo  tba  wbulu  dillereact:  of  ixiianliiil  from  firei  to  last, 
tlieii  il  is  clear  that  it  BBlf-iicUng  eieetrit  perpetiml  mution  woulil  result  by 
uniting  the  first  ami  Inut  memliern  ot  the  tiaries,  the  greater  difference  nt 
poteiitijj  msintuining  a  carrent  against  the  lesaur — which  is  ubuurii.  Thia 
proof  may  be  conaiiii^red  the  cuuuti^rpitrl,  Id  tliL'  tburmo.djnamic  tliijo'rjr  ft  tb'< 
volCaie  cell,  of  the  well-known  theorem  of  the  perfectly  re versible  -imi^ae  it* 
the  thenH'J-il.voaznjo  tiieoiyo/Aent. — 8,  P.  T. 
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cell  is  equal  to  the  algebmical  sum  of  the  contact-potential 
differencee  of  the  various  pairs  of  substances  at  the  same  tempera- 
ture, meagitred  iDductively  in  air,  is  to  my  inind  a  strong  proof 
that  these  measurements  do  really  give  us  the  true  contact- 
potential  differences,  and  tliat  (liey  are  not  vitiated  by  films  of 
oxide,  sulphide,  &c. ;  and,  on  the  other  hand,  1  think  that  when  we 
find  that  this  is  not  the  case,  ns  we  found  when  ex|)erimenting 
with  hot  and  cold  mercury,  we  are  jiistilieil  in  concluding  that 
distiu-bing  oxides,  &c.,  are  pi-esent. 

Professor  Olo'er  Lodge  :  "With  regard  to  the  point  last  raised, 
I  go  further  than  Professor  Silvanus  Thompson.  In  his  answer 
to  Professor  Ayrton,  he  says  that,  in  order  to  get  the  total  E.M.F. 
of  B  current  equal  to  the  sum  of  the  ^'olta  forces  for  all  the 
junctions  of  that  circuit,  you  must  have  your  circuit  in  the  !«me 
medium  as  that  in  which  you  measured  your  ^'olta  forces.  I  go 
further,  and  say  that  no  matter  what  medium  surrounds  the  sub- 
stances at  the  time  their  Volta  forces  are  being  measured,  pro- 
vided it  is  one  medium  and  not  half  a  dozen  dififerent  ones,  the 
sum  of  the  Volta  forces  must  equal  the  E.M.F.  of  a  circtiit  of  those 
substances,  whether  that  circuit  be  in  the  same  medium  or  not. 
It  is  a  mere  matter  of  elementary  algebra. 

If  the  metals  are  not  clean,  1  regard  the  dirt  on  their  surface? 
as  medium  different  from  air.  In  this  case  the  summation  law 
will  not  hold,  because  there  is  no  one  medium  in  wtdch  all  the 
Volta  effects  are  being  meastii-ed,  but  a  different  one  for  each 
metal.  The  summation  of  the  Volta  forces  coming  out  equal  to 
the  E,!M.F.  of  a  circiut  proves,  therefore,  that  the  raeliils  used 
were  reasonably  clean,  and  not  scummed  over  with  oxide  or  tUrt ; 
and  this  is,  probably,  the  point  that  Professor  Ayrton  intended 
to  bring  out.     In  this,  therefore,  I  perfectly  agree  with  him. 

1  am  obliged  to  Mr.  Swinbiu-ne  for  bis  statement  with  regard 
to  certain  therrao-chemical  details.  I  do  not  bring  forward  these 
datA  as  certainly  .Tccurate — they  are  the  best  yet  known,  and  my 
authority  for  most  of  them  is  Naumann's  edition  of  "Umelin- 
Kraut ;"  for  some  of  them  "  Watta'  IHctionary."  Perhaps  1 
can  ajijireciate  Mr.  Swinbumes  remarks  better  when  I  see  them 
w  print;     bat    so   far    as    1    UTK\eta\.Q.Ti^   Vvw.  bS-  Yf««dti  he 
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misappTehends  my  main  position,  viz.,  where  I  regard  tlie  Volta 
force  as  due  to  a  chemical  trndimcy,  not  to  chemical  action. 

Return  now  to  the  beginning.  Professor  Perry's  pajier 
first  of  all  charges  me  with  a  tendency  or  de termination  to  adhere 
to  the  view  that  I  have  taken  up  in  spite  of  all  eipcrimenta! 
evidence  whate\-ei-.  I  suppose  this  is  only  to  give  spirit  and  verve 
to  his  opening  Eentencen.  I  venture  to  assume  that  he  does  not 
really  think  this  oF  me,  else  we  slioiild  not  he  bo  friendly  as  we 
are.  I  will,  however,  jurt  say  that  I  do  not  assert  that  the  Volta 
effect  is  produced  by  the  air,  in  opposition  to  all  evidence ;  for  I 
aay  that  the  evidence  on  the  other  side  is  not  forthcoming.  No 
doubt  it  is  a  thing  that  can  be  settled  by  exjieriment  ultimately, 
but  at  present  a  crucial  experiment^  which  will  satisfy  everybody, 
Eeems  to  me  almost  hopeless.  Professor  Ayrton  says  I  have 
adduced  no  esperiments !  I  have  adduced  all  I  could  lay  my 
hands  on  tUroughont  the  centnry.  They  arc  not  mine  ;  some  of 
them  are  his  I  There  ia  no  lack  of  ex^ieriments  on  the 
sobject,  and  it  seemed  to  me  better  to  try  and  digest  them, 
and  to  draw  out  their  moral  rather  than  to  bring  forward 
a  number  of  freiih  ones.  There  may  be  some  very  ad- 
Qiirable  and  final  experiment  possible,  but  I  do  not  feel 
myself  competent  to  make  it.  I  suppose  Professor  Perry 
intends  a  joke  when  he  talks  about  Professor  Exoer  as  my 
"  chief,'"  because  I  do  not  even  agree  with  Professor  Exncr.  He 
evidently  feels  that  he  has  rather  a  bad  ease,  and  may  strengthen 
it  by  leading  yon  away  from  the  point  if  possible. 

I  must  go  into  some  detail  with  regard  to  Professor  Perry'a 
ideas  of  "  iiotential,"  because  here  is  where  the  main  gist  of  our 
difference  lies.  Hia  notions  cause  him  to  feel  a  difficulty  not 
only  about  electrical  problems,  but  about  water  problems  also, 
and  even  about  such  apparently  simple  matters  as  the  trans- 
misaion  of  energy  by  means  of  a  rope  or  a  shaft.  But  when  one 
gets  into  difficulties  about  such  elementary  things  as  these,  is  it 
not  time  to  begin  to  think  that  one's  fundaniental  notions  are 
perhaps  confused?  Now,  I  venture  to  think  liint  his  fundamental 
notions  are  confused  somewhat ;  and,  to  bring  this  out,  I  need  not 
discuss  electrico)  miittenf,  for  simple  hydrostatics  m\\  seiTxe,  \^Ss 
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a  bold  thing  for  me  to  differ  from  Professor  Perry  in  hydraulics, 
when,  as  every  one  knows,  be  is  oa  authority  on  the  sabject, 
while,  as  oven-body  ]jerhaps  does  not  know,  I  am  not !  I  do  not, 
however,  pretend  to  set  my  knowledge  of  hydraulic  machinery 
against  Professor  Perry's.  The  points  where  we  differ  are  poinl<i 
involving  no  knowledge  at  all  but  merely  cleamesB  of  idea,  and 
at  the  bottom  are  questions  of  definition. 

Professor  Perry  draws  this  diagram,  of  an  irregularly  bent 
closed  pipe,  upon  the  board,  round  which  water  can  be  pumped 
continuously  in  a  circnit.  He  says  there  is  one  jwtentjal  at  A 
and  another  at  B  higher  up,  and  that  w;iter  rises  in  potential 
in  going  from  A  to  B,  although  there  is  no  force  acting  in  the 
pipe  A  B  to  help  it  up,  and  hence  that  a  difference  of  potential 
may  exist  without  any  force  or  E.il.F.  I  say  that  neither 
electricity  nor  water  can  flow  up  hill  in  this  way,  unless  it  is  in 
that  place  pum^wd.  If  there  is  no  pump  between  A  and  B,  and 
if  water  is  flowing  from  A  to  B,  then  I  Bay  that,  ipso  facto,  the 
water  at  B  is  at  a  lower  potential  than  that  at  A  ;  and  that  if 
B  was  really  at  a  higher  potential  it  would  be  imiwssible  to  get 
the  water  to  flow  from  A  to  B,  except  by  a  pump  in  A  B,  That 
19  exactly  my  point,  that  the  existence  of  a  difference  of 
potential  jyroves  the  existence  of  an  E.JI.F. 

How  does  Professor  Perry  prove  that  B  is  at  a  higher 
potential  than  A  ?  Not  by  measuring  the  work  done  by  the  water 
in  flowing  in  the  pipe — for  he  knows  well  enough  that  no  work  is 
thus  done  (barring  friction) — but  by  carrying  up  some  other 
distinct  water  not  belonging  to  the  vessel,  from  A  to  B,  outside 

•  the  pijie. 

Well,  then,  this  evidently  shows  that  we  do  not  mean  the 
same  thing  by  "potential,"  ;ind  that,  as  Dr.  Hopkinson  has  just 
now  said  and  Professor  Fitzgerald  last  time  liinted,  Ibere  is  a 
difference  of  deiinition  between  us  which  prevents  our  seeing  the 
same  thing  with  the  same  eyes  and  of  appreciating  each  other's 
point  of  view.  Well,  I  fancy  I  know  what  he  means ;  and 
probably  he  knows  what  I  mean,  only  he  does  not  agree  with  it. 
Take  this  tumbler  of  water.     Professors  Ayrton  and  Perry  would 

SBV  that  the  potential  of  the  ■water  at  \.\ie  \jQttom  of  the  tumbler 
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ie  greater  than  that  of  the  water  at  the  toil — either  greater  or 

less,  I  am  not  sure  which 

Professor  PEiuty  {hiterposing):  We  say  level,  not  "imtentiftl." 
Professor  Lodge  (reamaing):  Vou  did  saj"i)otential,"and  it 
is  wholly  with  reference  to  jwtentiul  that  this  liydraulic  analogy 
is  of  any  assistance  or  value.  If  you  only  say  level,  no  one  can 
lioubl  that  3  point  below  another  ia  at  a  lower  level.     You  have 

j^Jiiroughont  used  the  word  "potential,"  in  the  electrical  case  at 

^KDy  rate,  and   withont   it.  no   water-analogy  is  any  assistance. 

^Htoreover,  it  is  legitimate  enough  to  define  ''jiotential"  in  such  a 
way  as  to  make  the  jiotenlinl  at  the  bottoin  of  ii  v.'asel  less  than 
at  the  top — gravitation  force  maintaining  the  wati.T  still  in  spite 
of  it.     But  it  seems  to  rae  much  preferable  lo  define  it  so  that 

H|)ie  potential  at  top  and  bottom  uould  be  dift'ei-ent  except  for  the 
weight  of  the  water,  which  equalfsea  it.  Pi-ofessor  Fitzgerald, 
however,  in  his  remarks  a  month  ago,  supported  the  former 
definition. 

IJM  I  say  that  the  potential  of  the  water  at  the  bottom  of  the 
"vessel  must  be  at  the  same  potential  as  that  at  the  top,  because, 
if  it  were  not,  the  water  could  not  keep  still.  I  define  potential 
an  the  potential-energy  of  a  pound  (or  cubic  inch)  of  water  at 
that  point.  I  mean,  therefore,  by  "  potential "'  what  Professor  Perry 
would  call  "head" — ^height  of fre^  surface  above  the  sea,  not 

^lieight  of  the  w.iter  at  the  point  considered  only. 

^H  Professor  Perry  would  say  that  the  bottom  of  the  water  is  at  a 
less  potential  but  a  greater  pressure.  He  also  would  define 
potential  as  the  potential-energy  of  a  ^wnud  of  water;  but  then 
he  measures  his  i>otential-energy  in  a  peculiar  way,  vi^,,  by  the 
work  done  in  bringing  the  pound  from  the  sea  to  a  ]X)int  on  the 

^M^ne  level  just  outside  the  vessel.     The  extra  work  required  to 

^^nt  it  into  the  vessel,  which  I  should  equally  call  \ya,Tt-  of  the 
jwlential-energy  of  the  water  inside,  he  calh  preasure-ener;jy. 

tAnd  this  is  just  where  what  I  call  his  confusion  comes  in.  He 
\s  expressed  himself  forcibly  with  reference  to  me;  I  do  the 
me  with  reference  to  him  —it  saves  time.  He  knows  well 
lough  that  pressure  is  not  a  form  of  energy,  and  yet  he  splits 
)  the  potential-energy  of  water  into   Iwo  \wi"rt* — ^^' ^^tetfC^^- 


258 


SEAT  OF  THE  ELECTHO-MOTIVE  FORCES,  Etc.   [Apr.  aSrd, 


energy"  and  "pressure-energy;"  and  he  does  just  the  same  in 
electricity.  I  only  know  two  fundamental  kinds  of  energy- 
potential  and  kinetic — and  al!  that  is  not  kinetic,  or,  let  us  say, 
not  obviously  kinetic,  I  call  potential.  This  is  the  common  cus- 
tom, of  course,  and  there  must  be  some  reason  which  makes 
Professor  Perry  go  out  of  liia  way  to  insert  a  third  kind,  called 
"pressure-energy."  ^Tiat  is  tLat  cause?  Can  it  be  this? — In  one 
place  he  considers  a  rigid  vessel  choke-full  of  au  incompressible 
liquid  under  jiressure;  and  he  may  use  this  to  sliow  a  discrepancy 
in  my  definition,  thus  :  "Such  liijuid  has  no  more  energy  than  if 
it  were  under  no  pressui'e  [ffi-atded] ;  but,  according  to  you,  it  is 
at  a  high  potential,  because  its  'head,'  as  measured  by  a  pressure 
gauge,  is  high  [j/rantedateo]  j  and  yet  you  define  "potential "  as  the 
pol  ential-energy  of  unit  quantity."  But  these  statements  are  not 
iiTeconcilable,  because,  remember  that  if  the  removal  of  the 
measuring-water  alters  the  condition,  then  you  are  not  measuring 
the  original  condition,  but  some  other.  The  water  introduced  or 
removed,  to  measure  tlie  iiotential,  must  be  infinitesimal  in  quan- 
tity. A  drop  of  water  let  out  of  the  above  vessel  relaxes  the 
pressiu-e  and  lowers  the  head  ;  the  potential  of  the  remainder  is 
very  small ;  and  the  potential-energy  of  the  whole  must  oF  course 
be  reckoned  by  integrating  the  product  of  quantity  of  water  and 
potential  at  each  instant. 

The  vessel  may,  in  fact,  be  considered  as  having  an  infinitely 
narrow  pipe  rising  to  a  great  height,  and  full  to  the  brim,  but 
whose  surface-level  instantly  falls  if  any  water  is  taken  out  of  the 
vessel. 

The  thing  is  therefore  i>erfectly  consistent  and  simple,  when 

regarded  from  my  point  of  view. 

v' 
Professor  Perry's  energy  formula  .5-  +  2-3  ja  +  h  well  eshibito 

the  confusion.  Surely  in  the  form  J  i^'  +  3  H  it  is  much  more 
simple;  where  II  means  surface-level,  as  indicated  by  a  gauge 
inserted  at  the  point  considered.  Moreover,  there  is  an  odd 
mixture  of  units  in  the  formula:  the  height  is  in  feet  and  the 
^■3  in  jxiunds-w eight  per  square  iiicii ;  but  that  is  a  detail. 

/  Lave  not  the  least  inteTilion  ot  ieu^TO^  vWt  the  (brmula  is 
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a  aseful  one  in  dealing  with  the  Row  of  water  through  pipes.  I 
have  no  doubt  that  it  is.  All  I  object  to  is  the  calling  of  its  first 
term,  "kiaetic-energy;"  of  its  second  term,  "pressure-energy;"  and 
of  itsthird  term,  "potential-energy;"  when  really  the  second  and 
tliird  terms  together  coiiatituto  the  potential-energy.  The  three 
terms  are  evidently  convenient  if  dial  or  mercury  pressnre-ganges 
are  nsed,  or  imagined  to  he  used;  if  water-gauges  were  Ui^ed,  the 
two-term  foniiiila  would  he  as  convenient,  reading  all  the 
fiur^e-levels  from  one  datum  line. 

Now,  letumiiig  to  the  diagram,  and  considering  the  water  at 
rest.,  I  say  that  thtre  is  no  diflerence  of  potential  at  all  between 
the  water  at  A  and  at  B,  wnlesB  the  ckannd  is  an  open  one,  so 
that  tfie  uuier  has  a /rev  surface.  In  a  closed  pipe  the  potential 
of  water  is  quite  independent  of  ujjs  and  downs  in  the  pipe,  you 
may  twist  it  about  howyou  jjlejise;  the  water  flows  quite  easily,  and 
does  no  work  in  going  either  up  or  down.  There,  are  in  fact, 
DO  real  hills  in  a  closed  pi])e,  only  apparent  ones  to  an  outside 
observer. 

If  the  diagram  represents  an  open,  channel,  then  water  at  B 
is  certainly  at  a  higher  potential  Ihaji  water  at  A,  but  now  how  are 
you  going  to  get  water  to  flow  from.  A  to  B  ?  You  can't,  unless 
you  put  a  pump  there.  A  pump  somewhere  else  is  no  use.  That 
is  what  1  say.  Wlifi-e  ;/OLtr  difference  of  pole'iUuU  is,  thiav  youv 
pump  viust  be. 

Professor  Perry,  with  his  closed  pipe,  may  indeed  put  his  pump 
anywhere;  or,  speaking  electrically,  the  seat  of  E.M.F.  has  no 
connection  with  a  contact -difference  of  potentials.  But  I  say  that 
his  "difference  of  poteutial,"  and  Fitzgerald's  "difference  of 
potentials,"  is  no  difference,  and  that  wherever  there  really  is  a 
step  of  iHiteotiiit  Ikeiv  niuat  tlie  E.M.F,  be, 

Just  one  observation  with  regard  to  the  meaning  of  EJl.F. 
Professor  PeiTy  asserts  that  Maxwell's  detinitJon  of  it  renders 
it  self-evidcut  that  its  seat  is  whf re  energy  is  taken  into  the 
circuit,  and  he  admits  that  at  a  zinc-copper  junction  there  is  no 
E.^I.F.  in  this  senile  ;  *'  but,"  he  says"  there  is  a  contael^force,  the 
cause  of  the  con  tact -difference  of  potential." 

I  don't   kuow  wimt  be  means   by  a  contacV-^ovvti  ac'Cva'j,  wi 
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electricity  which  yet  is  not  an  electro-motive  force,  but  whatf 
he  means  I  deny  its  esistence  ;  and  I  deny  the  esistence  of  anj 
difference  of  potential  in  a  conductor,  except  where  there  is 
electro- motive  force. 

It  may  be  a  question  of  definition,  as  Dr.  Hopkinson  says,  bill 
these  questions  of  definitions  are  not  unimportant ;  they  often 
lead  to  differences  about  facta,  as  in  this  case  they  do;  and  the 
settlement  of  tiiem  may  make  all  the  difference  between  cleamesB 
and  fogginesg. 

Now,   Professor   Perry  and   Dr.   Ho])kinson    have,    I   think, 
either  asserted  or  allowed  the  assertion,  that  though  no  work 
is  done  in  going  from  a  point  in  zinc  to  a  point  in  copper  tknugh 
the  junction,  yet  ihsre  iawork  done  in  travelling  between  the  same 
points  through  the  avr ;  and  that  it  makes  all  the  difference  which 
way  you  go.   So  I  understand  one  of  the  statements  made.*     Wel^H 
this  will  not  hold  for  an  instant.      The  whole  idea  of  a  potential 
is  that  it  shall  depend  on  the  state  of  affairs  at  each  point  con- 
sidered, and  shall  not  depend  upon  the  path  of  arriving  at  it. 
According  to  my  notion,  every  point  of  a  piece  of  clean  isolatfid 
zinc  ifl  about  1'8  volts  below  the  potential  of  the  air  at  it^  surface, 
A  piece  of  clean  isolated  copper  is  similarly  "8  volta  below  the  air. 
Put  them  into  contact — the  potential  of  the  zinc  rises  and  that  of 
the  copper  falls,  until  they  are  both  at  the  same  potential,  riz,, 
about   1-3  volts  below  the  undisturbed  or  distant  air,  if  the  two 
metals  are  of  equal  size.     But  the  potential  of  the  air  is  not  nn- 
■diaturbed  by  this  process:  that  near  the  zinc  is  still  1'8  volts  above 
the  zinc,  and  that  near  the  copper  still  -8  volts  above  the  copper; 
hence  there  is  a  slope  of  potential  equal  to  about  1  volt  in  tl^^ 
Air  itself,  viz.,  I^om  the  air  n^ar  the  zinc  to  that  near  the  ccppe^f 
This  slope  of  potential  is,  in  fact,  exactly  what  electroscopic  ex- 
perimenters have  observed  and  measured  throughout  the  century 
and  called  "the  contact-difference  of  potential  between  zinc  anjL 
<!opper."  ^1 

Now  travel  from  a  point  in  zinc  to  a  point  in  copper,  carrying 

*  In  the  proof  I  see  tliat  Dr.  Hopkinsun's  Htatemenl.  wj^diffKrent  from  tUis, 
and  was  jierfecily  correct.  I  only  leave  this  paragraph  in,  therefore,  fnrthe 
.o/e.vj)Jico(jon— not  coiitrovei-sy. 
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electricity  with  you.  Go  first  wholly  through  the  metals  them- 
selves, across  their  junction — no  work  is  done.  Go  now  through 
tlie  air ;  on  crossing  the  zinc-air  boundary  you  have  to  clinib  a 
sadden  [irecipice,  doing  1-8  unit§  of  work;  the  rest  of  your 
journey  is  down  hill ;  1  unit  of  work  is  done  ou  you  while  tra- 
veffing  the  gentle  slope  through  the  air,  and  -8  more  when 
"tepjiing  down  the  final  predpit-e  into  the  copper.  Hence  no 
resultant  work  is  done  in  this  case  any  more  than  in  the  former. 
Or  take  it  backwards.  In  going  from  copper  to  zinc,  direct 
Ihrough  the  junction,  there  is  no  work  done;  in  going  fmm 
copper  to  ftir  there  is  work  done,  in  going  through  the  air  there 
\i  work  done,  in  going  iuto  the  zinc  there  is  negative  work  done  ; 
lilt  these  op]xisite  works  neutralise  one  another,  and  the  whole 
trork  going  through  the  air  is  0 — -juat  the  same  as  when  going 
through  the  junction. 

All  that  I  have  said  about  the  observed  \'olta  effects  being 
really  air  effects  has  been  said  much  better  by  Maxwell.  I  do 
not  claim  any  statement  that  is  to  be  found  in  Maxwell,  and 
I  have  got  a  great  many  of  my  iJeas  from  him.  Whatever  he 
has  said  is  there  in  his  book  to  be  seen.  Sometimes  the  idea 
occurs  to  one  first,  and  then  one  finds  it  there  afterwards,  t^ome- 
times  I  find  Maxwell  half-un intelligible  till  one  has  thought  over 
the  matter  a  long  while  for  oueself,  and  then  1  find  my  ultimate 
ideas  quite  clearly  expressed  all  the  time. 

Dr.  Fleming  ban  asked  for  some  crucial  experiment  to  be 
suggested.  The  experiment  which  naturally  occurs  to  everybody 
is  to  repeat  electroscopic  experiments  iu  some  neutral  medium  ; 
but  unless  you  could  be  sure  of  the  absolute  purity  of  the  medium 
and  absence  of  oxygen  molecules,  the  result  would  not  be  satis- 
factory. Absolutely  pure  gns  is  extremely  difficult  to  get,  and 
Professor  Fitzgerald  accordingly  suggests  some  litjuid  such  as 
benzine  or  paraffin.  But  even  then  I  believe  you  would  have  a 
|)Oor  chance  of  satisfying  everybody.  I  do  not  see  how  it  is  to 
be  done.  If  the  Volta  effect  came  out  nil  in  such  a  medium, 
Professor  Ayrton  would  say  it   was   because  the  plates  had  got  a 

tty  scum  on  them. 
There  is  another  kind  of  crucial  esperiment  ^\nc\i  ma"3  \i« 
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HUgg(!sted,  viz.,  the  determinatioii  of  the  alloying-beat  for  metals. 
According  to  my  \iews  the  heat  of  formatiou  of  brass  is  very 
email,  and  is  calculable  from  the  size  of  atoms  and  the  Peltier 
force  at  a  zinc-copi>er  junction.  Accordiug  to  Sir  \V.  Thomsoa 
the  heat  of  formation  is  considerable,  and  is  calcuhible  from  the 
size  of  atoms  and  the  zinc-cojiiter  Volta  effect. 

By  the  way,  in  speaking  of  t^ir  \V.  Thomson's  views  throughout 
the  paper,  I  have  UBed  his  name  much  as  politicians  use  Mr.  Grlad- 
stone's ;  he  is  too  big  a  man  for  one  to  need  be  particularly  careful 
in  referring  to  him,  and  obviously  he  ittnot  in  any  way  committed  by 
my  fancy  that  certain  views  are  his.  ^foonecau  suy  what  any  man'i 
\iflW3  are  except  the  man  himself.  1  can  only  form  a  rough  estimate 
of  Sir  W.Thomson 'fi  views  from  his  pub!islie<ipapers,but  his  magni- 
tude makes  it  incumbent  on  one  to  try  to  estimate  those  vievs  OQ 
every  subject,  ami  to  most  carefully  reconsider  one's  own  with 
reference  to  them.     This  I  have  not  negleeted  to  do. 

My  chief  argument,  and  main  proof  that  my  views  are  conecl, 
lies  in  the  fact  that  I  can  calcidate  the  Voltii  effect  for  any 
ordinary  jKiir  of  metals,  in  absolute  measure,  from  their  heat*  of 
oxidation,  and  that  the  results  of  calculation  agree  very  fairljr 
with  the  results  of  esperinjent. 

Professor  f'oitUi'B :  No. 

Professor  IjODGE  :  Well,  it  is  of  course  a  ruattcr  of  opinion  how 
far  the  agreement  is  satisfactory.  It  is  not  complete  and  exact,  1 
aflmit;  but  the  numbers  are  all  in  the  paper  for  reference  and 
comparison,  and  1  must  say  that  they  seem  to  me  very  fiiirly  close 
and  satisfactory,  considering  the  extremely  different  conditions  of 
an  electroscopic  and  a  tbenno-chemical  esptriment.  ^M 

Professor  Forbes  has  spoken  of  the  ijuestion  as  a  metaphysical 
one.  1  don't  know  where  he  gets  his  ■'  meta "  from.  The 
subject^  I  should  say,  is  decidedly  physical,  if  anything  ig.  One 
must  get  one's  definitions  right  and  then  the  whole  matter  wrill  )M 
simple,  and  1  am  sure  that  Professor  Forbes  irill  find  bis  ideas 
much  simphfied  if  he  adopts  what  1  consider  the  ordinary  defini- 
tion of  "  difiFerence  of  ]}otential." 

Professor  Ayrton's  remarks  with  reference  to  mercury  seem  to 
have  no  special  bearing  on  the  subject.     The  A'olta  eSect  between 


SS.]  DISCUSSION.  !03 

ot  (ind  cold  metale  is  due  to  coats  of  oxide,  us  Knott  made  out. 
Sat  he  goes  on  to  «ay  that  I  have  not  only  made  a.  question  of 
lefinition  of  it  but  I  hnve  made  a  question  of  right  and  wrong  of 
t,  and  said  that  the  seat  of  E.M.F.  is  not  at  the  zinc-copper 
jnnrtion.  Yes  !  have,  and  I  stick  to  it ;  and  if  ProfesBor  Peny 
gives  way  on  that  point,  and  says  that  though  there  may  be  no 
E.M.K.  yet  there  is  a  contact-force  tLere,  then  1  will  go  further 
and  say  there  is  no  contact-force,  and  that  difference  of  potential 
baiween  zinc  and  copper  ia  absitrd.  If  yon  mean  by  "  potential " 
what !  mean,  it  ia  absurd,  unless  there  is  a  force  at  the  junction. 
If  there  were  a  momentary  difference  of  jjotential  liHween  zinc 
and  copper  in  contact,  electricity  would  at  once  run  from  high  to 
low.  It  would  be  absurd  to  say  there  was  a  poimanent  electro- 
static difference  of  potential  in  a  conducting  mass.  If  you  mean 
by  "the  potential  of  a  point"  the  workdone  in  bringing  up  unit 
dgctricity  to  that  point,  whether  that  point  be  inside  a  conductor 
Btiot,  then  you  cannot  have  a  difference  of  potential  in  a 
fonduotor,  excejit  where  there  is  contact-force  or  E.]\I,F.  to 
maintain  it. 

I  have  omitted  any  mention  of  the  Peltier  or  Seebeck  forces, 
ind  perhaps  it  is  hardly  worth  while  going  into  that  to-night.  1 
liave,  for  simplicity,  throughout  considered  them  zero,  in  agree- 
ment with  Professor  Perry's  initial  suggestion.  Pi-rhaps,  how- 
sver,  I  may  be  allowed  to  draw  a  diagram,  to  show  how  I  regard 
the  factsof  a  thermo-electric  circuit,  in  answer  to  Professor  Forbes. 

HOT 


T01* 


C01.D 


'lWi(©  a  copper-iron  circuit,  with  the  hot  junction    at    some 

temperature  below  275"  C,     Then  there  is  a  small  electro-motive 
(bree  at  the  hot  junction,  as  shown   by  the  ano'?i,wii  a\ra%CT 
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opposing  force  at  the  cold  junction.     There  ta  a  Bmall  force 
tlie  copper  from  cold  to  hot,  and  a  larger  force  in  the  iron  hv^^ 
hot.  to  cold.     If  the  tenipemture  were  made  uniform  this  last  ja^^ 
of  forces  would  vaniah;  but  the  first  [Miir  would  not  vanish,  tlw   ^ 
would  only  become  efjuii!.     Inequality  of  temperature  excites  th  ^ 
one  piur  of  forces,  and  renders  unequul  the  other  pair  j  and  as  tb 
resultant  of  the  system  of  forces  we  have  a  thermo-electric  curren ' 
na  first  obsened  by  JSecbeck ;  though  in  sjiecial  cases  the  resultai. 
may  be  zero,  or  noticed  by  Ciimming. 

All  these  forces  may  therefore  be  called  *'  Seebeok  forces,"  oc=. 
"  thermo-electric  forces,"  or  "  true  contact-forces," 

If,  now,  a  current  be  made  or  allowed  to  flow  round  the  circur  _ 
heat  is  destroyed  or  generated  at  the  various  junctions — a   (a- 
discovered    by    Peltier    at    the   copper-iron   junction,   and    br 
Tljomson  iuside  each  metal  itself;  and  these  generations  of  heat 
or  cold  are  called  the  "  Peltier"  and  "  Thomaon"  effects,  respective!  * 

I  therefore  often  distinguiab  the  one  pair  of  Seebeck  forcc6  h, 
calling  them  "  Peltier  forceK,"  and  the  other  by  calling  t.b<^  ^ 
"Thomson  force.-i."  If  the  temperature  of  the  circuit  be  nuifomi 
Ibe  Thomson  forces  are  7uZ,  but  the  Peltier  forces  still  exi»l, 
though  balanced,  and  may  still  exhibit  the  Peltier  effect  whenevci 
a  current  passes.  A  Peltier  force  only  vanishes  at  absolute  zero 
and  at  the  temperature  known  as  the  neutral  point,  which,  for 
coppei-ii'on,  h  about  275°,  and  above  that  point,  changes  sign. 

A  Thomson  force  thus  depends  altogether  on  difference  of 
temperature;  a  Peltier  force;  depends  neither  on  difference  of 
temperature  nor  on  the  existence  of  a  current,  it  depends  simply 
on  absolute  temperature.  The  Thomson  effect  and  the  Peltier 
effect  both,  of  course,  depend  on  the  passage  of  a  current.  Ttiis 
will  explain  the  senses  in  which  I  use  the  terms. 

In  a  certain  sense  the  Peltier  force  may  be  said  to  exist  all 
round  the  current,  for  Sir  Wilham  Thomaon  has  shown  that  the 

E.M.F.  of  a  chcuit  ii /-^ — ,  but  the  n  used  in  this  sense  i 

prefer  to  call  the  Peltier /laiirfton.' 

I  wish  to  call  attention  to  my  suggestion  for  nomenclatore. 


'Bee,  ftir/urllierilliutration,  ttifcPlvitoiorKicalMagijuMMfor  JoiiB,  Hum 


TMT. 
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I  jiropose  to  limit  tlie  symbol  Zn/Ou,  or  Sli/Bi,  or  A/B,  to  the 
true  contact  or  Peltier  force  at  a  junctioa  of  two  metals;  and  to 
use  the  symbol  Zn/alr/Cu,  or  Zn/water/Pi,  or  generally 
A/medium/B,  for  the  Volta  effeut  between  A  and  B  in  the 
specified  merlium.  The  total  effeul,  observed  ulectroacopically, 
viz.,  medium/ A/B/mediiim,  will  then  obviously  be  the  sum  of 
the  two,  which  it  undeniably  is. 

No  one,  I  believe,  doubts  the  applicability  of  these  expressions, 
or  at  least  of  this  last  expression ;  all  the  question  is,  whether 
A/B  is  the  most  imiMrtant  jMirt,  as  Professor  PeiTy  holds,  or 
whether  medium/A — medium/B  is  the  only  important  paxt,  as 
1  hold. 

Before  sitting  down  I  wish  to  look  at  the  matter  from  the 
point  of  view  of  Profesfior  Poynting'a  very  admirable  recent 
|Faper.  It  had  not  been  customary  to  pay  attention  to  electro- 
static-]; w  tent  ial  in  current,  electricity,  but  Mr.  Poynting  has 
shown  that  these  ef[ui potential  curves  are  the  paths  of  the  energy, 
and  as  such  are  of  great  interest. 

Now,  it  is  not  the  most  obvious  thing  in  the  world  how  to  draw 
these  cun-es  for  a  voltaic  cell,  and  it  has  not  yet  been  done.  But 
if  I  proceed  to  draw  them  from  the  point  of  view  of  my  theory — 
viz.,  if  I  postulate  a  considerable  difference  of  potential  between 
zinc  and  air,  and  a  less  difference  of  potential  between  copper  and 
air,  and  then  draw  the  cmves  of  electrostatic-potential  for  a  closed 
circnit  containing  a  voltaic  cell — the  curves  will  indicate  clearly 
and  exactly  why  there  has  been  all  this  controversy  about  the  seat 
of  the  E.M.F,,  and  they  will,  1  hope,  reduce  the  misunderstanding 
and  difference  of  opinion  to  zero, 

For  we  find  that  while  all  the  lines  start  from  the  common 
surface  of  zinc  and  acid,  yet  many  of  them  invest  the  metals  so 
closely  as  not  to  be  [wrceived  in  the  surrounding  space  or  air. 
All  we  then  perceive  are  those  which  spread  out,  viz.,  those  which 
invest  the  zinc  but  not  the  copper. 

If  we  sup[M)Be  a  difference  of  potential  between  zinc  and  air 
of  1"8  volts,  and  between  copper  and  air  -8  volts,  and  if  we  draw 
a  line  for  every  tenth  of  a  volt,  we  shall  have  a  total  number  of 
1 S  lines,  all  investing  the  zinc  closelj',  like  the  coata  ot  mi  q^vou. 
VOL.  xn:  18 
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frofessor  Perry  originally  [xiiDted  out  to  me  tliat-,  according  to 
ray  notions,  these  lines  would  form  a  coat  to  the  metal.  It  was 
lii3  argumf?nts,  basi?d  on  these  lines,  that  set  me  to  try  to  draw 
them.  It  was  a  distinct  advantage  to  me  to  talk  the  matter  over 
witli  him.  Of  these,  8  invest  the  copper  similarly,  bnt  the 
remaining  10  cannot,  and  accordingly  they  spread  out  into  the 
air  and  are  recognised  by  electroscopic  experiment. 

Hut  whence  do  they  begin  to  sjiread  out  ?  From  the  junction 
of  zinc  and  copper  \  The  wliole  18  have  coated  the  metal  up  to 
this  point,  but  beyond  it  only  8  can  coat  it ;  hence  it  stands  to 
reason  that  10  must  be  given  off  from  this  ijoint. 

Electroficopic  experimenters,  tracing  these  lines  home,  have 
found  them  all  converging  on  the  zinc-copper  junction,  and  have 
jumped  to  the  conclusion  that  they  started  thence.  But  they  did 
not  start  thence;  they  started  at  the  zinc-liquid  junction,  and 
only  began  to  spread  aid  at  tlie  metallic  junction. 

Here  is  the  diagTaiu,  with  every  alternate  tenth-volt  Une 
diiiwn.  The  liquid  of  the  cell  is  not  indicated,  because  it  is 
simplest  to  assume  the  liijuid  to  behave  much  like  air,  as  water 
and  dilute  acid  are  known  to  do. 

Note,  that  the  copper  is  everywhere  separated  from  the  air  by 
4  lines,  i.e.,  by  -8  volt,  and  the  zinc  by  9  lines,  according 
to  hypothesis.  Note,  also,  5  lines  branch  out  from  the  junction 
of  zinc  and  copper  {though  one  of  them,  the  1-8  volt  line,  only 
separates  the  zinc  from  the  liquid  of  the  cell),  and  that  these 
correspond  to  a  Volta  effect  at  the  junction  of  about  I  volt. 

1  assume  that  with  absolutely  clean  zinc  the  Volta  effect 
Zn/air/Ca,  would  not  fall  far  short  of  its  tlieoretical  value,  1  volt. 
It  has  been  measured  ns  high  as  '92. 

It  is  hardly  neoessai^  to  say  that  the  distribution  of  iwtential 
through  internal  or  eitemal  resistance  is  an  arbitrary  matier 
depending  on  the  ratios  of  their  resistances.  I  happen  to  have 
chosen  a  circuit  whose  internal  resistance  is  two-thirds  the 
external.' 

The  remarks  of  Air.  Heavistde,  which  he  had  not  time  to  give 

*For  farllier  iufomiatiou  respecting  tliis  diugram,  k«  PMIrmikkml 
Jlfa^asme,  Jane,  1885. 
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at  the  meeting,  take  the  form  of  a  supplementary  paper  agreeing 
in  many  respects  with  my  own.  Mr.  Heaviside,  being  merely 
concerned  with  setting  forth  his  own  views  clearly,  inatead  of 
adducing  arguments  aud  combating  other  people's,  has  probably 
succeeded  in  making  the  matter  more  easily  intelligible  than  I 
have  done.  Hence  a  perusal  of  this  part  of  his  communication 
may  be  a  useful  ijreliminary  to  the  reading  of  mine;  though, 
naturally,  I  do  not  agree  with  quite  all  he  says. 

A  cjueation  sent  me  after  the  meeting,  by  Air.  Hugh  E. 
Harrison,  may,  with  my  reply,  also  help  to  elucidate  the  views 
advocated  :— 

"  The  Hammond  Company  Electrical  Engineering  College, 
"  2,  Red  Lion  Square,  Lfmdon,  W.C., 
"April  28,  1885. 

"Dear  Dit.  Lodge, — I  had  one  ortwo  questioneto  ask  you  the 
other  night,  at  the  Telegraph  Engineers,  but  I  rose  at  the  same 
time  as  Mr.  Swinburne,  and  after  that  the  discussion  was 
practically  closed  to  outsiders.  I  made  an  attempt  in  the 
coffee-room  to  speak  to  you,  but  your  bodyguard  there  resisti>d 
all  my  feeble  eft'orts. 

"My  excuse  for  writing  is,  that  1  have  been  in  the  habit  of 
giving  to  my  classes  what  I  have  gathered  of  your  ideasi  from 
Professor  Foster;  and  I  should  now  like  to  introduce  your 
explanation  of  the  Volta  eflfect  if  I  were  quite  happy  about  it. 

"The  chief  point  I  don't  see  is  briefly  this: — Suppose  you 
had  a  piece  of  perfectly  clean  zinc  in  vacuo  irt.  the  potential  of 
the  earth,  but  insulated  ;  if  air  were  now  let  into  the  receiver  I 
take  it  that,  according  to  yoiu"  idea,  the  zinc  would  chemically 
attract  atoms  of  dissocial ed  oxygen,  and  thus,  while  not  altering 
its  own  charge  in  any  way,  would  auiTound  itself  with  a  film  of 
negatively-charged  gas  and  so  lower  its  potential  to  a  iwint  such 
that  the  chemical  attraction  for  dissoeiated  oxj-gen  is  exactly 
balanced  by  the  negatively-charged  film.  So  fur  (hi.-  wholi- 
thing  is  clear  enough,  and  such  a  piece  of  zinc  would  show  in  the 
surrounding  air  a  negative  potential  of  1*8  or  thereabouts,  by  the 
ordinary  electrometer  method. 


968  BEAT  OP  THE  ELEOTBO-MOTIVE  F0KCE8,  Eic  CApf-  S3"'. 

"  But,  as  a  matter  of  fact,  a  piece  of  clean  zinc  in  ^  is  ap- 
parently at  the  same  potential  as  the  surrounding  atmosphere, 
which  means  that  it  has  got  a  positive  charge  equal  in  quantity 
to  the  negative  charge  on  the  osygen  film  round  it ;  so  that  the 
zinc  itself  has  a  potential  very  slightly  above  zero,  since  there  is 
of  coarse  some  distance  between  its  surface  and  the  gaseous  film. 

'*  There  now  being  no  electrical  reason  why  a  stray  osygen  atom 
should  not  stick  itself  unto  the  mass,  why  does  not  chemical 
attraction  again  come  into  play,  until  the  potential  of  the  neigli- 
bourhood  again  falls,  owing  to  an  accession  of  more  oxygen  ? 

"  The  above  will,  I  hope,  suihciently  indicate  the  tangle  of 
ideas  it  is  intended  to  show. 

"  To  sum  np  in  a  few  words,  so  long  as  a  piece  of  zinc  remains 
nnoiidised  I  do  not  see  how  a  state  of  equilibrium  can  exist 
between  electrical  and  chemical  forces,  unless  the  air  in  the 
neighbourhood  is  at  a  negative  potential. 

"The  other  difficulties  merely  concern  the  hydrostatic  analo- 
gies, BO  are  not  of  much  real  importance, 

"  Hoping  you  will  forgive  the  length  of  this  letter, 
"  Believe  me,  yours  very  truly, 

"HuGn  Erat  Hareisos." 

"  University  College,  Liverpool, 
"  Ib(  May,  1885. 

"Dear  Mr,  Harrison, — I  have  great  pleasure  in  answering  your 
well  put  difficulties  as  far  as  I  can. 

"  I  do  not  picture  the  action  of  the  piece  of  zinc  in  the  precise 
way  you  describe.  Start  with  Zn  in  vacuo  and  let  in  air,  the  Zn 
and  the  0  pull  at  each  other,  and  this  pull,  ipso  facto,  causes  Zn 
(or  the  E  in  the  Zn)  to  be  at  a  lower  potential  than  it  was  before. 

"Nothing  to  do  with  charge,  nothing  to  do  with  a  layer  of 
neg.  oxygen.  My  point  is,  that  if  the  Ox  atoms  were  able  to 
move  any  nearer  the  Zn  than  their  normal  distance  then  they 
would  constitute  a  positive  charge  (i.e.,  a  thinner  negative  layer), 
but  that  so  long  as  they  surround  the  Zn  eijually  all  round  they 
can't  move  up  at  all  or  charge  it  either  way  without  compressing 
electricity,  so  to  speak  :   whlck  ia  \m^osRvbl«. 
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"  When,  however,  by  contact  vfith  Cu,  a  path  is  opened  for  the 
neg.  E  to  escape,  then  they  do  move  up.  The  zinc  Burface 
instantly  becomes  +  charged,  and  the  potential  is  thus  raised. 
The  potential  is  now  the  resultant  of  two  things— the  pull,  as 
before  (or  even  stronger  because  nearer),  aud  the  surfewe  charge. 

"  The  hy^xithetical  neg.  pot.  of  the  zinc,  produced  by  the 
straining  air,  is  not  a  thing  that  cac  he  detected  by  electrometer 
metliods,  for  they  only  give  the  pot.  of  the  air. 

"  I  say  there  is  an  electrical  reason  why  0  can't  attack  pure 
zinc  not  in  contact  with  any  other  conductor — viz.,  the  equal  pull 
all  round,  and  the  in  compressibility  of  E. 

"  Tile  zinc  is  quite  uncharged  until  contact  is  made  with  some 
other  bwly,  when  it  gets  a  charge,  whicL  has  been  investigated  by 
the  electroBcopic  people  as  if  it  were  a  change  of  potential  pro- 
duced by  the  contact.  So  it  is ;  but  not  in  the  way  that  they 
think. 

"  I  don't  Ruppose  any  equilibration  between  chemical  and 
electrical  forces  befm'e  metallic  contact — only  after. 

"  I  ho[ie  that,  if  you  can  read  this,  it  may  explain  my  point  of 
i-iew.  Whether  or  not  you  feel  disposed  to  agree  therewith,  ia,  1 
know,  another  matter.^Vours  very  faithfully, 

"  Oltveb  J.  Lodge. 
"  Hugh  Erat  Harrison,  Esq." 


SOME  REMARKS  ON  THE  VOLTA  FOECE  AND  SEAT  OF 
ELECTRO-MOTIVE  FORCES  QUESTIONS,  AND  ON 
IMPRESSED  FORCE  AND  POTENTIAL  IN  CONDENSER 
CIRCUITS. 

By  Oliv'EK  Heaviside,  Associate. 

Professor  Lodge  has  done  me  the  honour  of  mentioning  me, 
in  the  course  of  bis  learned  memoir  on  the  "  Seat  of  the  Electro- 
motive Forces  in  the  Voltaic  Circuit,"  as  having  published  some 
similar  statements  to  some  of  his.  It  may  be  of  interest  to  the 
members  of  this  Society  to  leam  what  they  were.  The  views  to 
which  Professor  Lodge's  researches  have  conducted  him  are  so 
very  eimiJar  to  wine,  except  on  some  pure\y  6\wc\i\a.\,\\e  ^va\„%i 
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that  it  might  be  merely  necessary  to  point  ont  these  pointB.  But 
as  my  previous  remarks  on  the  sabject  do  not  e-ttend  to  any  great 
length,  I  may  as  well  quote  the  article  contaioing  them.  This 
will  be  advantageous,  because,  so  far  as  the  Volta  force  is  con- 
cerned, tliey  are  disconnected  from  the  liistorical  matter  which 
forms  BO  interesting  a  part  of  Professor  Lodge's  memoir,  by 
publishing  which,  together  with  the  valuable  data  he  has  been  at 
so  mueli  trouble  to  collect,  he  has  conferred  a  great  benefit  on  the 
present  generation  of  electricians.  Being  thus  isolated,  as  well  as 
from  the  subject  of  thermo-electricity,  they  may  enable  some 
readers  who  have  not  given  much  attention  to  the  matter  to 
more  easily  understand  the  plain  course  of  the  argument  ajiart 
from  the  speculative  points  which  are  incapable  of  present  verifi- 
cation. I  shall  add  some  additional  remarks  on  the  general 
subject,  and  wind  up  with  a  statement  of  what  I  consider  to  be 
the  correct  mathematical  representation  of  the  relations  of  im- 
pressed force  and  potential  in  condenser  circuits,  when  there  are 
impressed  forces  in  the  dielectrics  as  well  as  in  tbe  conductors^ 
relations  which  are  perhaps  not  yet  fully  recognised,  if  I  may 
judge  from  some  remarks  of  Professor  I-odge's  on  the  total 
unlikeness  between  the  Volta-foroe  conditions  and  an  ordinary 
condenser  investigation.  But  there  is  nothing  revolutionary  in 
the  case ;  and  when  we  maJce  use  of  Muxweirs  most  admirable 
theory  of  dielectric  currents  and  displacement,  the  case  of  im- 
pressed force  in  the  dielectric  becomes  as  easy  to  follow  as  when  it 
is  in  the  conducting  part  of  a  circuit.  The  theory  of  current  in 
the  dielectric  I  consider  to  be  certainly  true,  however  difficult  its 
esperiniental  verification  may  be  (though  far  more  difficult  to 
disprove),  and  to  be  the  natural  outcome  of  Faraday's  way  of 
looking  at  things  electrical. 

I  may  premise,  in  the  first  place,  that,  like  many  others,  I  had 
been  for  many  years  profoundly  dissatisfied  with  the  paradoxical 
Btate  into  which  electrical  theory,  in  other  respects  so  consistent 
all  round,  was  thrown  by  Sir  W,  Thomson's  conclusion,  from  his 
experiments  with  hia  wonderfi.il  electrometers,  that  old  Volta  was 
right,  and  that  there  could  be  no  doubt  the  whole  thing  was  simply 
chemical  action  at  a  distance,     ^e  ^Twed.  Aftciavely  that  the 
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betting  of  two  metals  in  tontact  did  clitirge  them  like  a  condenBer, 
and  concluded  that  the  electro-motive  force  was  situated  at  the 
juoction  of  the  metals,  founding  upon  this  a  notable  calculation  of 
the  probable  size  of  atoms  by  the  man ufat-t lire  of  brass.  Now,  if 
it  had  been  merely  a  question  of  explaining  the  Volta-foree 
phenomenon,  which,  bowever  interesting  a  matter,  is  not  one  of 
EQch  ^laramount  importance  as  to  render  other  considerations 
secondary,  it  would  have  mattered  lillle  whether  the  localisation 
of  the  impressed  force  at  the  metallic  junction  were  correct  or  not. 
But  it.  involved  the  whole  question  of  the  relations  of  impressed 
force  and  potential,  and  the  doing  of  work  on  or  by  the  current. 
Sir  W.  ThomHon's  "Electrostatics  and  Magnetism,"  Maxwell's 
Treatise,  and  Professor  Jenkiu's  ''Electiicity  and  Magnetism,"  ah 
came  out  at  about  the  same  time.  In  the  hrst,  we  hud  limited 
Dtteranci's  on  the  subject,  but  8ir  W.  Thomson's  paper  on  the  "Size 
of  Atoms  "  made  his  position  clear.  In  the  second,  a  remarkably 
complete  theory  of  electricity  was  made  indistinct  in  many  places 
by  the  reservations  concerning  the  potential  of  conductors,  which 
wan  all  the  more  stir^jrising  when  it  is  remembered  that  iUaxwell 
was  no  believer  in  the  existence  of  the  metallic-junction  force. 
Id  the  third  was  an  account  of  previously  unpublished  experi- 
ments of  Sir  W.  Thomson's,  and  a  most  decided  statement  of  the 
theory,  which  asked  ua  to  beUeve  tbat  the  situation  of  the  electro- 
motive force  of  a  voltaic  cell  is  not  in  the  cell  at  all,  but  outside 
it,  although  admittedly  the  energy  keeping  up  the  current  when 
the  circuit  is  closed  is  derived  from  the  chemical  actions  going  on 
in  the  cell  itself.  This  jiaradox  must,  have  intensely  puzzled  all 
readers,  save  those  who  brought  a  strong  faith  into  operation  in 
the  course  of  their  scientific  studies, 

Xow,  if  we  ignore  the  Volta-force  eTperiments  altogether,  the 
general  theory  of  impressed  force,  (KJtenlial,  and  the  taking  in 
or  giving  out  of  energy  by  the  current,  is  clear  and  explicit,  con- 
tains no  paradoses,  and  is  in  harmony  with  general  dynamical 
principleB,  Was  it  really  worth  while  to  upset  the  theory  because 
some  very  curious  experiments  were  difficult  of  explanation 'i" 
Certainly  theory  must  ultimately  be  made  to  agree  with  facts  j 
but  when  some  few  facts  do  not  apparently  fit  into  a.  tUeorj  -wVvi^ 
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Buits  a  mucU  greater  number  of  other  facts,  it  becomP!>  a  question 
of  bulance  of  advantagea   whether  it  would   be  better  to  alter 

theoretical  notions,  or  to  leave  the  facts  unexplained  for  the  time, 
waiting  for  further  information,  or  for  new  light  on  the  question 
of  fitting  the  faet.s  into  the  theory.  I  think  in  the  present  instance, 
considering  the  extraordinary  character  of  the  alteration  of  theory, 
that  the  best  course  would  have  been  to  let  the  eijieriuients  wait 
for  an  explanation.  All  the  more  so  on  account  of  the  long  time 
it  takes  for  views  taught  by  tlie  leaders  of  scientific  thought,  and 
accepted  by  their  followers,  to  be  eliminated  should  they  turn  out 
to  be  erroneous.  Besides  that,  it  was  not  exactly  a  case  of 
altering  a  theory  to  suit  facts,  but  rather  to  suit  certain  conclu- 
liions  from  facta,  which  might  or  might  not  be  correct.  The  fact 
is,  that  the  air  outside  zinc  is  at  a  different  potential  from  that  iu 
the  air  outside  copper  when  the  two  metals  are  in  contact.  The 
conclusion,  quite  distinct  from  the  fact,  is  that  the  difference 
of  potential  is  produced  by  an  impressed  force  at  the  metallic 
junction,  which  makes  the  ziac  and  copper  be  at  different,  poten- 
tials, with  the  further  result  that  the  electro-motive  force  of  a 
battery  is  outside  it.  Nor  can  we  clear  up  the  matter  by  defiuing 
the  potential  of  a  conductor  us  the  jjotential  somewhere  else 
(itself  0.  paradox,  which  1  learn  with  great  surprise  bas  always 
been  taught  by  Su  W.  Thomson),  namely,  in  the  air  outside  it. 
This  makes  the  zinc  and  copper  be  at  different  potentials,  beca^tte 
the  ail-  potentials  are  different,  and  necessitates  an  impressed 
force  at  the  janctiou  of  the  metals.  It  is  the  same  case,  slightly 
differently  expressed. 

Such  was  the  extent  of  my  respect,  almost  amounting  to 
veneration,  for  Sir  W.  Thomson's  opinions,  on  account  of  his 
invaluable  labours  in  science,  inexhaustible  fertility,  and  immense 
go,  that  I  made  the  most  strenuous  efforts  to  understand  the 
incomprehensible,  impelled  thereto  also  by  a  feeling  that  it  might 
be  prejudice  on  my  own  part  that  made  it  incomprehensible, 
But,  not  possessing  the  faith  of  the  early  Fathers,  I  conid  not 
say,  with  St.  Augustine,  "  Incomprehensible !  therefore  true  ; "  or 
with  St.  Jerome,  "  I  believe,  because  it  is  incredible."  I  therefore 
fiaally gave  it  up  as  a  bad  ]oA),  and  evoXvei  V'b.ft  Vveyi*  es>^\».\Qed 
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Bt  tiie  article  hereafter  quoted  out  of  my  own  inner  constiouaneBa, 
tad  of  course  felt  immensely  relieved  in  my  mind  at  ouce.  That 
tlie  application  of  the  well-known  heats  of  combination  method  to 
find  what  the  differences  of  potential  should  be  for  different  paira 
of  metals  gave  tigures  very  poorly  agreeing  with  the  observed 
diiferences  of  potential,  I  did  not  attach  much  importance  to,  con- 
^itleriug  Low  the  state  of  the  surfaces  might  alter  results,  and  the 
unknown  value  of  the  thermo-electTic  force,  which  may  not  be  so 
.all  at  a  uietal-gas  contact  as  at  a  metal-metal  junction,  and  the 
.known  influence  of  the  nitrogen  in  the  air,  which  may  not  be 
wholly  inert  in  the  matter.  That  there  was  some  sort  of  a 
general  kind  of  agreement  was  quite  as  much  as  could  be  expected. 
Moreover,  if  there  were  absolute  disagreement,  it  would  not,  in 
my  opinion,  shift  the  seat  of  the  electro-motive  forces  from  the 
surfaces,  but  merely  alter  our  views  as  to  their  cause. 
I  am  inclined  to  confidently  believe  that  the  mere  statement 
t  the  electro-motive  force  of  a  voltaic  cell  is  iiol  at  the  place 
where  the  energy  ti^ansformation  occurs  which  keeps  up  the 
current,  is  in  itself  sufficient,  when  rightly  understood,  to  fully 
discredit  any  theory  which  necessitates  that  statement,  when  the 
matter  is  viewed  generally  from  the  modern  dynamical  stand- 
point. All  the  physical  sciences  are  bound  to  become  branches 
of  dynamics  in  course  of  time,  and  anything  contradicting  the 
principles  of  dynamics  should  be  unhesitatingly  rejected.  With- 
out haring  made  an  exhaustive  study  of  dynamics,  I  have  yet 
managed  to  come  to  the  conclusion  that  a  force  cannot  act  where 
it  is  not — meaning  by  acting,  the  doing  of  work.  If  the  doing 
of  work  at  one  place  iuvolves  the  doing  of  work  at  another,  the 
force  doing  the  work  at  the  second  place  is  there,  not  at  the  first 
place.  Of  course  there  must  he  some  connection  between  the 
two  places  whereby  energy  is  transmitted  between  them,  and 
wherever  there  is  a  transfer  of  energy  going  on  there  is  force. 
All  working  forces  involve  transfer  of  energy,  and  the  measure  of 
a  force,  whether  simple  or  generahsed,  is  the  amount  transferred 
per  unit  change  of  the  variable  to  which  the  force  corresponds. 
In  an  isolated  conseixative  system,  all  transfers  of  energj  ai;e 
ititemaJj  antl  its  total  energy  j-emaios  constant,     li  BUtV  b.  %-^s'«inv 
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receives  ent-rgy,  this  involves  impressed  force,  and  a  system  corn's 
municating  the  energy.     What  to  consider  as  impressed  forod 
depends  upon  how  large  we   inako  our  system,  and  is  therefore 
considerably  n  matter  of  choice.     Thus,  if  there  be  two  systems, 
each  conservative  in  the  abBente  of  the  other,  but  witii  a  transfer 
of  energy  lietween  them,  and  therefore  impressed  force  on  either 
system  when  it  is  considered  by  itself,  and  if  we  include  the  two 
in  a  single  system,  theii-  mutual  forces  ce-ase  to  be  impressed, 
becoming  intemah     These  reminders  are  merely  to  illustrate  force 
considered  as  impressed.     Add  to  the  above,  that  forces  which 
always  involve  loss  of  energy  from  the  system,  never  a  gain- 
namelyj   forces   of  the    frictioual    character  depending   on 
velocities   of  the  moving  parts — ai^e  conveniently  not  reckone 
an    impressed,   but    as    dissipative   forces,   I'eserviug   the 
"impressed"  for  reversible  actions,  and  we  have  a  brief  outline" 
of  the  nature  of  the  dynamical  system  which  is  represented,  in  ; 
skeleton  form,  by  the  elect nj-magnetic  equutions. 

In  the  absence  of  conducting  matter,  the  system  would 
consei'vat ive  and  keep  its  energy  unchanged  in  amount,  or  only'" 
lose  it  by  setting  borlies  in  motion.  But  disregard  tliis,  and  let 
there  be  no  relative  motions  of  mosses  permitted.  The  presence 
of  couductors  introduces  dissipative  forces  proportional  to  velocities 
(strength  of  current  being  a  generalised  velocity),  and  the  energy 
tends  to  become  used  np  through  the  Joule  heat  of  currents  in 
conductors ;  excepting  that  part  may  be  locked  up,  as  it  wen^| 
as  when  insulated  conductors  are  electrified,  or  when  there  is 
intrinsic  magnetisation.  It  does  not  then  waste  itself;  otherwise 
there  is  continual  waste,  which  must  be  be  compensated  by 
impressed  forces  if  the  electric  and  magnetic  energies  are  to  I)^| 
.kept  up.  Their  seat  is  in  the  ether.  Tlie  actual  constitution 
(of  the  ether  is  unknown.  It  never  can  be  knmcn.;  but  a  con- 
stitution may  be  invented  for  it  wliicb  shall  admit  of  propagating 
heat  and  light  and  electro-magnetic  disturbances  to  prodnq 
Ol^erved  results.  If  the  ether  is  made  to  propagate  light  (say, 
by  ^ihrations),  and  will  not  propagate  electro-magnetic  disturb- 
ances, it  cannot  bo  the  right  construction,  and  another  must  be 
^and.     The  transfer  of  energy  in  aaj  cotiiuc^wx  (,vaotro\iic^  takes 
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e  nol.  n-ith  the  current,  but  perpeudicular  thereto,  as  I  showed 
in  the  Electrician  for  Juue  21,  1884,  thus  bomg  delivered  into 
wire  from  the  dielectric  without-     This  does  not  hold  good  in 
he  dielectric  itself,  where  it  is  perpendicular  to  the  electric  force, 
or  nearly  parallel  to  the  wire,  into  which  it  is  continuously  wasting 
itself,  keeping  up  the  conduction  current.     Both  cases  are  included 
the  statement  that  the  transfer  of  energy  takes  place  perpen- 
dicular to  the  electric  and  to  the  magnetic /orcea  of  the  system. 
See   Ehdncian,  .Taiinary   10,  1885,  d  eeq.)    That  this   is   the 
statement   is   verified  by   its  holding  good   in   caaea  of 
or  crystalline  structure  when  the  current  or  displacement 
not  parallel  to  the  electric  force,  nor  the  magnetic  induction 
to  the  magnetic  force. 

I  have  no  doubt  tliat  some  day  a  tolerably  simple  constitution 

of  the  ether  will  he  invented,  making  it  do  anything  reasonable 

that  is  required  of  it,  which  may  in  course  of  time  come  to  be 

beheved  in  as  a  reality,  as  Ught  is  now  heheved  to  be  propagated 

by   trans^-erse  displacements.     But  taking  things  as  they   are, 

with  an  unknown  constitution  of  the  ether,  the  electro-magnetio 

nations  indicating  a  dynamical  system, all  actions  on  the  system 

t  included  in   the  iDtenial  forces  expressed  by  the  equations 

must    be  impressed,  and  impressed  somewhere.     And  impressed 

forces   require   to   be   very   freely    introduced,  because,  however 

complex  the  relations  may  appear  to  he  in  the  electro-magnetic 

equations  on  first   acquaintance,  the  essential  parts   are  fundar- 

mentally  very  simple,  and  the  infinitely  numerous  minor  actions 

which  are  not  accounted  for  can  only  be  made  to  show  themselves, 

electrically  speaking,  by  means  of  the  use  of  impressed  forces  on 

,e  one  hand,  and  auxiliary  investigations  on  the  other.     Now, 

'although  when  to  simplify  matters  wc  ignore  details,  as  when 

■e  consider  a  linear  electric  circuit  as  a  whole,  its  state  being 

ifiued  simply  by  the  strength  of  current,  we  lose  sight  of  the 

energy  transfonnations,  and  se«  only  theh-  result  in  the  total, 

and  cannot  definitely  say  where  energy  is  taken  in  or  given  out 

reversibly,  yet  if  we,  as  we  are  justified  in  doing,  take  every 

portion   of  space  by  itself,  we  are  hound  at  the   same  time  to 

^Bonsider  eretj  impressed  force  to  act  upon  tte  eVet\,to-ma^e.\Aa 
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Bystem  nt  tlie  very  jjlace  where  it  is  situated ;  and  the  aole  conJ 
elusive    direct  evidence  of  there  being  an  impressed  force    at  ll| 
certain  spot  is  in  there  being  areversible  transformation  of  energy 
taking  place  there  oil  tlie  passage  of  an  electric  current,  whilst  we 
have  indu-ect  evidence,  which  may  be  equally  conclusive,  if  we 
can  show  that  there  is  no  such  action  anywhere  else.  ■ 

If  the  Volta-force  esperiments  were  twenty  times  cs  difficult 
to  explain  as  they  lia\e  been  considered  to  be,  I  do  not.  see  that 
there  would  be  any  sound  reason  for  not  concluding,  or  rather 
taking  it  for  granted,  (juite  apart  from  the  Volta-force  phenomena, 
that  in  a  voltaic  circuit,  when  we  know  that  there  is  a  trans* 
formation  of  energy  going  on,  which  accounts  for  the  Joule  heat 
in  the  circuit,  the  impressed  force  is  exactly  where  an  ignorant 
man  would  suppose  it  to  be,  namely,  in  the  cell  itself,  although 
the  exact  distribution  therein  may  be  difficult  to  ascertain,  owin] 
to  the  complex  nature  of  the  actions.  If  it  be  not  in  the  c 
that  energy  is  taken  in  by  the  cmTent  (to  use  an  expression 
which  should  not  be  understood  literally),  but  at  an  external 
junction,  where  there  is  no  appreciable  change  occmTing,  it  would 
follow  that  the  energy  of  the  chemical  combination  taking  place 
in  the  cell  did  not  result  in  an  impressed  force  there,  but  first 
passed  out  of  the  battery  to  the  junction,  and  was  there  taken  in 
by  the  circuit.  It  must  go  to  the  junction  first,  to  account  for  no 
change  occurring  there,  and  in  the  passage  it  must  not  act  on  the 
electro-magnetic  medium,  for  that  would  mean  impressed  force  in 
the  cell.  But  no  one  would  wish  to  believe  in  this  roundabo 
process. 

Maxwell's  formulfe  for  the  distribution  of  electric  and  magueti 
energy  in  apace  may  not  be  correct.  But  if  others  were  su' 
stituted,  giring  the  same  results  in  the  sum,  and  consistent  wit! 
the  laws  of  induction,  we  should  still  have  to  put  the  impressi 
force  in  the  cell,  unless  we  assume  action  at  a  distance,  without 
the  intervention  of  a  medium,  or  save  appearances  by  having  t 
mediums. 

I   now  interpolate   my   remarks  on  the  Volta  force  and 
voltaic  cell,  which  appeai-ed  in  the  Electrician  for  February  2 
18S4.     It  is  necessary  to  say,  to  aucoutt  Iot  Wcvct^  ^w:!^.\«Kft\ier 
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In  which  the  energy  ilefinition  of  impressed  force  is  considered  in 
|he  first  part  of  the  article,  that  it  was  one  of  a  aeries,  succeeding 
some  on  the  suhject  of  thermo-electricity,  following  therein  Sir 
W,  Thomson's  beautiful  t liermo-dynamic  theory,  as  apy>lied  to 
ear  circuits.  In  this  theory  we  have  ahundant  illustration,  in 
both  the  Peltier  and  the  Thomson  effects,  of  energy  being  taken 
in  or  given  out  by  the  current  in  any  part  of  a  circuit  accoixling 
fts  the  current  goes  with  or  or  against  the  impressed  force.  Some 
notea  in  square  brackets  are  now  added. 

"Chesuc-U,  CoxTAcr  Fohce.     {Electrician,  Feb.  2,  1884.) 

"We  now  approacli  one  of  the  most  interesting  subjects  in  the 
whole  of  electrical  science,  on  which  there  has  lieen  perhaps  more 
debate  than  on  any  other  of  its  branches.  He  is  a  learned  man 
who  is  acquainted  fully  with  all  the  details  in  the  history  of  the 
matter."  [Thia  was  prophetic  of  Professor  Lodge's  memoir.] 
*'But  one  may  not  be  therefore  made  wise.  On  the  contrary, 
one  may  easily  become  confused  in  the  attempt  to  reconcile  the 
multitude  of  facts  and  hyiiotheses,  especially  as  the  observations 
are  mostly  only  quaUtative."  [This  was  not  prophetic.]  "He 
y  wish  to  obliterate  all  that  has  been  done,  and  start  afresh  in 
the  unbiassed  stale  of  mind  accompanying  perfect  ignorance. 

"  Put  any  two  metals  in  contact  with  one  another,  but  other- 
■e  insulated;  they  are  said  to  acquire  different  potentials. 
That  they  are  apparently  at  different  potentials  is  made  certain 
by  the  modem  electro-metric  measurements,  using  no  finger  con- 
tacts or  multiplying  machines.  Tbus,  zinc  and  copper  in  contact 
apparently  differ  in  their  potentials  by  about  -75  volt.  Professors 
Ayrton  and  Perry  found  this  to  be  bo  constant  that  they  used  it 
as  a  standard  of  comparison  in  their  observations  on  the  apj^arent 
differences  of  [wtential  of  other  metals  in  contact.  It  is  proved 
that  when  unc  and  copper  are  put  in  contact,  the  zinc  becomes 
positively,  the  copper  negatively  electrified,  and  that  they  act 
inductively  on  other  conductors,  just  as  any  two  conductors 
^similarly  charged  would. 

"  If  we  join  the  zinc  and  copper  by  a  wire  of  some  other  metal 
(say,  iron)>  instead  of  making  immediate  contact,  iU'^.V^ftsscaft 
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thing  happens ;  the  difference  of  ]x>Lential  is  -75  volt  as  befor 
This  applies  to  all  pairs  of  metals,  whence  foUowB  the  *  snmmatic 
law.'     If  metals  A  and  B  in  contact  apparently  differ  in  their' 
potentials  by  x  volts,  and  A  and  C  by  y  volts,  then  B  and  C 
differ  hj  x  —  y  volts. 

"However,  it  is  merely  inferential  that  copper  and  zinc 
contact  really  differ  by  '75  volt.  But  assuming  provisionally  that" 
such  is  the  case,  it  follows  that,  since  in  a  stati;  of  electrica^^ 
equihbrlum  the  wliole  of  the  zino  is  at  one  ]K>tential,  and  th^| 
whole  of  the  copper  also"  [thermo-electric  or  other  impressed 
forces  being  ignored],  "there  is  an  elecfro-niotive  force  of  '71 
volt  acting  at.  their  jiuiction,  from  copper  to  zinc,  this  being 
required  to  balance  the  sapiKtaed  difference  of  potential.  If  bo, 
if  we  pass  an  electric  current  from  any  source  across  the  jonctlon, 
there  will  be,  by  elementary  principles "  [as  esemplified  in  thermo- 
electricity], "a  continuous  absorption  of  energy  when  the  current 
goes  from  copper  to  zinc,  and  generation  in  the  converse  case, 
amounting  per  second  to '"a  x  strength  of  current."  [The  word 
*'  generation "'  is  here  misajiphed ;  if  it  were  thermo-electric  force, 
and  for  "  energy  "  we  read  "  heat,"  it  would  be  all  right.  "  Evo- 
lation"  is  preferable.]  "  Or,  make  a  closed  circuit  of  any  number 
of  metals  and  a  battery;  there  will  be  similar  absorptions  and 
generations  "  [evolutions]  "  of  energy  at  all  the  junctions,  mean- 
ing by  absorption  that  energy  is  taken  in  by  the  cmrent  from 
Bome  source  wluch,  electrically  speaking,  may  be  called  external, 
and  by  generation  "  [evolution]  "  that  energy  is  given  out  by  th« 
current,  or  through  its  mediation. 

"But  there  is  no  evidence  of  any  such  relatively  enormous 
conversions  of  energy  going  on  at  metallic  junctions.     The  knowi^^l 
thermo-electric  forces  are  of  such  inferior  strength  as  to  be  almos^^ 
of  a  diiferent  order  of  magnitude.     The  source  of  energy  is  heat, 
i.e.,  the  energy  of  molecular  agitations.     There   may  be  other 
small  conversions  of  energy,  but  certainly  none  able  to  accoi: 
for  an  electro-motive  force  of  -75  volt  between  copper  and  zinc, 
"6  volt  between  zinc  and  iron. 
__         "  The  thermo-electric  forces  being,  then,  so  very  small  coi 
pared  with  the  apparent  contact  ioTcos  "no's  eousidered,  we 
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neglect  them  altogBtLer,  in  order  to  save  coDtinual  refercnoe  to 
them  and  smalt  corrections.  Copper  and  zinc,  then,  when  placed 
in  contact,  are  necessarily  at  One  potential. 

''  It  follows  that  if  they  were  uncharged  before  being  put  in 
tact,  and  not  in  a  field  of  electric  force,  tiiey  must  La\-e  been 
at  Different  potentials.  For,  on  contact,  electricity  passed  from 
copper  to  zinc,  reducing  tlieni  to  the  Hame  potential.  But,  having 
been,  as  stateti,  uncharged  in  the  Urst  place,  and  not  in  a  field  of 
force  (or,  say  simiily,  neither  showing  any  signs  of  electrification), 
air  being  then  all  at  one  potential,  and  the  potentials  of  the 
copper  and  zinc  differing  from  one  another,  must  he  different 
from  that  of  the  air  as  thus  defined: — Taking  the  aii-  jiotential 
as  zero,  and  tliat  of  the  copper  seimrately  insulated  as  (—  ic)  volt, 
that  of  the  zinc  is  —  (a  +  -75)  volt.  So  far  we  do  not  know 
whether  x  is  positive  or  negative,  but  we  take  it  aa  positive  here 
for  convenience  of  statement.  Thus  a  piece  of  uncharged  zino 
insuhited  in  air  has  its  potential  (x  +  "75)  volt  below  tliat  of  the 
air,  and  a  piece  of  luichargcd  copper  insulated  iu  air  is  also  at  a 
lower  potential,  but  hy  a  smaller  amount,  namely,  x  volts.  This 
reiiuires  that  there  shall  be,  over  the  whole  zinc  surface,  an 
elect ro-moti*e  force  of  Btrength  x  ■+  '7S  volt,  acting  from  zino  to 

fr;   and  similarly   over   the  whole   copi>er  surface  an   electro- 
otive  force  of  strength  x  volt  from  copper  to  au'. 
"  Electricity,  in  conductors,  is  subject   to  the  same  law  of 
ntinuity  as  an  incompressible  liquid.     There  cannot  be  eurrent 
entering  a  certain  space  without  there  being,  at  the  same  time,  an 
equal  current   flowing  out  of  that  sjiacc.     At  the  sm-face  of  con- 
^^Bnctors  electricity  was  once  supposed  to  accumulate.     Maxwell 
^Hktended  the  law  of  continuity   to  the   surrounding  dielectric 
^^There  ia  great  advautage  in  this  view  in  facilitating  conceptions. 
We  may  imagine  an  incompressible  liquid  filling  all  sjiace  per- 

tAly  free   to   move   by  the   slightest   force  in   certain  regions 
swering  to  pure  conductors,  "it h  no  tendency  to  return  when 
uiiiplaced,  but  always  meeting  with  resistance  proportional  to  the 
velocity ;    also   perfectly   free    to   move    in   the   rest   of    space 
Mpptiswering  to  a  pure  dielectric,  and  without  frictional  resistance, 
but  now  only  elastioaJiy  displaced,  so   tliat  tkete  \ft  ?k  Ic«to  <& 
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renctioD  called  into  play  proportional  to  the  displacement,  whicti 
will  make  the  displacement  Bubside  when  the  force  that  produced 
it  ia  removed/'  [By  a  "  pure  conductor  "  is  meant  one  which  is  not 
also  dielectric,  or  in  which  the  displacement  is  not  in  any  degree 
of  the  elastic  character  ;  ajid  by  a  "  pure  dielectric,"  one  in  which 
the  displacement  ia  wholly  elastic,  or  which  has  no  conductivity.] 

"  Replace  the  material  liquid  by  an  imaginary  something 
called  electricity  (not  the  electricity  of  the  mathematical  defini- 
tion, but  cai>able  of  becoming  it  by  displacement) "  [viz.,  at  the 
bounding  surface  of  a  conductor  and  dielectric],  "  let  it  be  free 
to  move  in  conductors  when  acted  upon  by  electro-motive  force 
(answering  to  real  force  when  the  subject  is  a  real  fluid),  but  only 
capable  of  elastic  displacement  in  the  dielectric,  and  we  may 
transfer  results  from  one  case  to  the  other.  We  may  remark,  in 
passing,  that  the  quasi  fluid  cannot  be  really  matter,  because  that 
would  require  electro-motive  force  to  be  ordinary  mechanical 
force. 

"If  to  the  Biuface  enclosing  a  portion  of  the  material  liquid 
in  which  there  is  no  reactive  force,  hut  outside  which  there  is, 
we  apply  uniform  normal  pressure  or  tension,  the  liquid  is  not 
moved,  because  the  forces  balance,  hut  the  pressure  witliin  is 
increased  or  decreased  by  an  amoimt  equal  to  the  applied  eurface 
pressure  or  tension. 

"  In  the  electric  case,  the  uniform  electro-motive  force, 
X  +  "75,  acting  normally  outward  irom  a  piece  of  zinc  insulated 
in  air,  lowers  its  electric  potential  below  that  of  the  surrounding 
air  by  the  amount  x  +  "75,  but  cannot  displace  electricity. 
Similarly,  the  electro-motive  force  x,  acting  normally  outward 
from  the  copper  surface,  lowers  its  potential  below  that  of  the  air 
by  the  amoimt  x.  But  the  moment  the  copper  aud  the  zinc  are 
touched,  we  substitute  raetal  for  air  at  the  place  of  contact ;  the 
force  X  +  -75  is  removed  from  a  portion  of  the  zinc,  and  the 
force  X  from  a  portion  of  the  cop^jer  surface;  the  differential 
force  -75  volt  acts  ;  there  is  a  current  from  copper  to  zinc,  from 
zinc  to  air,  and  from  air  to  copper"  [i.e.,  all  round  the  cireuit], 
"  which  is  stopped  by  the  force  of  reaction  of  the  electric  dis- 
placement  in  the  dielectric.     The  Tine  wad  c05\ter  are  reduced  to 
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the  same  potential;  let  this  be  i/.  Then,  iu  the  new  state  of 
equilibrium,  the  potential  rises  from  y  io  y  +  x  +  -75  in  pasa'mg 
from  the  zinc  to  the  air,  then  falls  continuously  nlong  the  lines  of 
electric  displacement  in  the  air  till  the  dr  outside  the  copper 
surface  is  reached,  when  it  is  equal  to  y  +  x,  and  then  falls  by 
the  amount  x  in  passing  into  the  copper,  where  it  is  y,  the 
common  copper  and  zinc  potential. 

"This  may  seem  unnecessarily  diffuse,  but  the  imijort-ance  of 
the  subject  and  the  difference  of  the  above  from  views  iu  general 
acceptauce  demand  a  somewhat  amplified  statement. 

"The  reason  of  the  summation  law  readily  follows.  For  let 
the  zinc  and  copper,  previously  insulated,  he  joined  by  an  iron 
wire.  This,  if  insulated  and  free  from  charge,  will  have  its 
potential  lower  than  that  of  the  air  by  a:  +  -60  volt ;  or,  a;  +  "60 
volt  is  the  electro -motive  force  from  iron  to  air.  In  contact  with 
ibe  copper  only,  when  their  potentials  equalised,  the  field  of  force 
in  the  air  would  show  a  difference  of  potential  along  any  line  of 
force  of  "60  volt ;  and,  in  contact  with  the  zinc  only,  of  '15  volt, 
the  iron  being  jKJsitively  electrified  in  the  first  case,  and  nega- 
tively in  the  second.  But  when  the  iron  wire  is  intermediate 
between  the  zinc  and  copper,  the  force  x  +  -60  from  iron  to  air, 
since  it  can  now  draw  electricity  both  ways,  from  the  copper  and 
from  the  zinc,  can  have  no  influence  in  altering  the  difference  of 
]>otential  between  the  air  just  outside  the  zinc  and  just  outside 
the  copjier,  although  altering  the  actual  potentials  relative  to  the 
original  potential  of  the  air.  If  5  is  the  final  potential  of  the 
three  metals,  those  just  outside  the  copper,  the  iron,  and  the  zinc 
urez  +  w,z  +  X  +  '60,  and  z  ■¥  x  +  -75,  with  a  fall  of  '75  as 
before  through  the  air  from  the  zinc  to  the  copper  surfaces. 

"  It  may  he  remarked  that  the  field  of  force  is  perfectly 
determinate  with  any  number  of  raetala  in  contact,  between  each 
of  which  and  the  air  there  is  a  given  electro-motive  force.  The 
bounding  surface  of  the  dielectric  has  then  everywhere  a  given 
]«tential  ( -I-  a  constant),  and  by  Green's  theorem  this  is  sufficient 
to  fully  determine  the  distribution  of  force.  Of  course  mathe- 
matical difhculties  prevent  the  practical  solution  in  general. 

"  In  the  abore,  ire  iave,  for  simplicity,  BU\>^9e4  Oa*  ■mfttsla 
lot,  XIV.  19 
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to  be  pure  and  homogeneous,  and  to  have  clean  anrfaces.  Some 
little  difference  ia  made  when  there  are  surfece  impurit.ieB.  The 
nature  of  the  effect  may  be  readily  seen,  Start,  for  example, 
with  a  piece  of  absolutely  pure  zinc,  and  put  a  small  particle  of 
iron  on  its  surface.  The  iron  and  zinc  are  at  once  reduced  to  tbe 
same  potential,  with  positive  electrification  of  the  zinc  and 
negative  of  the  iron,  and  a  fall  of  potential  of  '15  volt  through 
the  air.  Yet  there  will  be  uo  apparent  electrification  whatever, 
fijr  the  field  of  force  can  be  only  sensible  quite  close  to  the 
particle  of  iron,  so  that  we  cannot  get  at  it.  The  air  all  round 
the  zinc  mass  will  be  practically  at  one  iHjtential.  If  we  enlarge 
the  particle  of  iron,  the  field  of  force  extends  and  becomes  sen^ble 
at  sensible  distances,  and  so  with  further  enlargement  we  can 
get.  sufficient  separation  of  the  parts  of  air  at  the  eitrerae  differ- 
ence of  potential  to  affect  the  electrometer  inductively. 

"  Similarly,  when  there  are,  as  in  commercial  zinc,  innumer- 
able foreign  particles  exposed  to  the  air,  side  by  side  with  the 
zinc  and  in  contact  with  it,  there  are  innumerable  local  fields  of 
force  quite  close  to  the  surface  set  np  by  the  unequal  electro- 
motive forces.  But  at  a  sensible  distance  from  the  surface  there 
can  be  no  appreciable  force  j  the  air  potential  will  be  there 
unaffected,  and  the  zinc  will  appear  uncharged, 

*'  Put  this  mass  of  impure  zinc  in  contact  with  a  mass  of  copper 
— it  may  be  also  ijnpure ;  then,  besides  the  complex  local  fields 
dose  to  the  surface,  there  is  the  extended  one  which  can  influence 
the  electrometer.  The  difference  of  potential  cannot  be  so  great 
as  with  perfectly  pure  zinc  and  copper,  the  impurities  acting  to 
reduce  it."  [The  effective  metal-air  electro-motive  force,  if  there 
is  average  uniform  rlistribntion  of  impurities,  may  be  taken  as  the 
mean  value  of  the  electro-motive  force  over  a  small  area.] 

"Now  change  the  medium.  Let  zinc  and  copper  he  in 
contact,  not  in  air,  but  in  water,  with  a  little  acid  to  ^cilitate 
electrolysis ;  from  being  in  a  medium  in  which  only  electric  dis- 
placement can  happen,  let  the  zinc  and  copper  be  wholly 
immersed  in  an  electrolyte.  The  surface  electro-motive  forces 
are  now  probably  not  the  same — it  is  very  imlikely  that  they 
should  be — but  there  they  aje.     InaleBA  ci^  \.\ie.«  ^loduoing  a 
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mere  momentary  current,  we  bave  now  a  continuous  current  from 
zinc  to  liquid,  liquid  to  copper,  copper  to  zinc.  The  two  metals 
are  not  now  exactly  at  one  potential,  owing  to  the  current,  but 
practically  all  the  fall  of  potential  is  in  the  liquid.  ITie  lines  of 
force,  which  are  of  course  also  the  linea  of  flow  of  the  current,  are, 
when  the  aidee  of  the  vessel  containing  the  liquid  are  sufficiently 
remote,  distributed  in  the  same  manner  as  the  lines  of  force  in 
the  corresponding  case  with  air  as  the  medium,  though  of  course 
they  become  considerably  altered  if  the  vessel  is  small,  the  current 
being  forced  to  be  tangential  at  its  sides. 

"  The  local  superficial  fields  of  force  have  now  great  importance, 
for  there  are  naturally  local  currents  to  correspond  between  the 
zinc  and  its  impurities,  with  consequent  waste  of  energy^waste, 
in  not  being  estemally  available.  This  is  the  same  when  the 
rinc  is  alone  in  the  liquid.  The  purer  the  zinc,  the  more  slowly 
is  it  burnt  in  acid.  Absolutely  pure  untarnished  zinc  would  last 
for  ever,  owing  to  the  balance  of  forces ;  but  the  least  impurity 
getting  on  the  surface  would  start  galvanic  action."  [And  I 
sappose  any  want  of  uniformity  of  temperature  or  strength  of 
solution  round  the  imagined  pure  zinc  would  suffice  to  start  some 
small  amount  of  chemical  action.] 

"  If  a  copper  wire  joins  the  zinc  and  cofiper,  all  being  still 
wholly  immersed,  circumstances  are  not  materially  altered ;  tlie 
current  goes  from  the  zinc  to  the  copper  (say  plates,  now),  and 
also  to  the  copper  wire  through  the  liquid,  and  back  through  the 
wire  ;  the  current  in  the  wire,  however,  is  not  everywhere  of  the 
same  strength.  But  lift  the  wire  out  of  the  liquid,  together  with 
that  jMjrtion  of  the  zinc  plate  to  which  it  is  atlached,  and  the 
whole  current  (not  counting  the  local  currents)  returns  by  the 
wire  outside  the  vessel,  and  we  have  a  full-blown  galvanic  cell. 

"Tlie  new  electro-motive  forces  introduced  by  the  new  con- 
tacts—viz.,  between  the  zinc  and  air,  and  between  the  copper  and 
air — do  not  in  any  way  alter  the  integral  electro-motive  force  in 
the  circuit,  nor  can  any  difference  of  potential  between  the  liquid 
and  the  air.  The  metals  in  connection  may  be  nearly  at  one 
potential,  or  may  differ  by  nearly  the  full  electro-motive  force  o£ 
the  cell,  according  to  the  resistance  of  tke  extem&\  •wiie.    T^^t* 
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is  a  large  rise  at  the  zinc'li'|uid  siirFace,  and  a  fall  of  much  smaller 

amount  at  the  liquid-copper  surface,  the  esceas  of  the  rise  at  the 
zinc  over  the  fall  at  the  copper  being  equal  to  the  available  electro- 
motive force  of  the  cell.  But  in  other  galvanic  arrangements,  as 
when  there  are  two  fluidti,  the  electro-motive  forces  and  changes 
of  potential  become  more  complex. 

"The  absorption  of  energy  is  at  the  zinc  surface  where  the 
current  goes  with  the  electro-motive  force  there.  The  evolution 
is  at  the  copper  surface  where  the  current  goes  against  the 
electro-motive  force  there.  The  excess  of  the  former  over  the 
latter  becomes  heat  in  the  circuit. 

"  At  the  zinc  surface  we  know  that  there  is  osidation  of  zinc, 
and  the  supply  of  energy  is  readily  accounted  for.  The  beat 
which  would  have  been  produced  locally  if  the  zinc  were  burnt  in 
oxygen  now  turns  up  in  all  [jarta  of  the  ciri'uit,  through  the 
intervention  of  the  unknown  electric  agency,  and  the  artificial 
disposition  of  conductors  and  insulators  we  have  made. 

"Theevolutionof  energy  at  the  CO])]  ler  surface  is  more  obscure. 
There  ia  a  local  development  of  heat  in(le|iendent  of  the  frictional 
heat  in  the  circuit.  The  heating  of  galvanic  batteries  has  not 
been  fully  investigated. 

"Regarding  the  cause  of  the  electro-motive  forces,  nest  lo 
nothing  is  known.  Seiiarated  zinc  and  oxygen  have  |JOtential 
energy,  they  tend  to  unite,  and  in  the  act  of  union  a  store  of 
energy  is  set  free.  At  t!ie  same  time  there  is  electro-motive 
force  from  the  zinc  to  the  oxidising  agent.  But  why  zinc  and 
oxygen  should  unite,  or  why  electro-motive  force  should  accom- 
p.'my  the  action,  Ihavenot  come  across  any  intelligible  explanation, 
and  I  do  not  exjjeet  it."  [Professor  Lodge's  memoir  contains  no 
information  on  these  important  questions,] 

"  Hut  the  known  trausforruation  of  energy  taking  place  at  the 
zinc  aurfece  in  our  galvanic  cell,  together  with  the  similarity  of 
electrical  conditions,  enables  us  to  conclude  with  a  tolerable 
amount  of  certainty  that  the  source  of  the  electrostatic  energy 
which  is  set  up  when  zinc  and  copper  are  put  in  contact  in  air  is 
oxidation  of  the  zinc.  The  amount  of  oxidation  is  of  course  ven' 
smaJl — infinitely  unrecogni.Bab\e."      '(TUia  ia  an  exaggeration.] 
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"  This  will  be  evident  on  remembering  what  a  large  quantity  cf 
electricity  must  jtass  before  any  \'isible  consumption  of  zinc  takes 
place  in  the  cell,  or  even  before  enough  is  consumed  to  be 
detectable  by  the  most  delicate  cbemical  balance.  In  the  air 
case  the  action  is  stojijied  in  its  very  birth  by  the  elastic  reaction 
of  the  electric  mechanism.  The  facts  observed  long  ago  by 
Sir  W.  Thomson  confirm  this  conclusion  regarding  oxidation. 
The  difference  of  potential  is  greatest  when  the  zinc  surface  is 
clean — that  is,  in  the  beat  state  for  oxidation — and  when  the 
copper  surface  ia  already  oxidised,  and  therefore  in  its  worst 
state,  amomiting  then  to  about  1-1  volt,  instead  of  only  "75 
volL" 

After  making  the  above  statements  I  proceeded  to  make  some 
more  in  the  two  following  numbers  of  the  series  (March  1  and 
31,  1884),  on  matters  connected  with  contact  force,  in  connection 
with  the  layers  of  electricity  Bujiposed,  originally  by  Helmholtz, 
to  accompany  impressed  forces,  as  well  as  on  the  relations  of 
potential  and  impressed  force.  They  are,  together,  too  long  for 
quoting  here,  but  I  think  their  perusal  might  be  useful  to  some 
tclio  have  not  already  made  up  their  minds  on  these  matters. 
But  I  may  quote  an  extract  immediately  illustrating  the  appli- 
cation of  contact  layers  to  the  Volta-force  experiments.  The 
surface-impressed  force  cannot  be  regarded  as  acting  at  a  nuithe- 
maticai  surface,  but  must  extend  through  some  email  depth, 
perhaps  excessively  small,  so  that  we  have  a  thin  layer  of  electro- 
motive force,  the  force  acting  straight  across. 

"On  one  side  of  the  stratum,  that  to  which  the  force  acts, 
there  is  supposed  to  be  an  accumulat  ion  of  free  positive  electricity, 
and  on  the  other  side  an  accumulation  of  negative,  which  produces 
an  electric  field  resembhng  that  of  a  charged  air  condenser,  whose 
force  wholly  cancels  the  contact  force  when  there  ia  equilibrium, 
and  jrartly  cancels  it  when  there  is  current.  The  surface  density 
of  the  accumulations  must  dejiend  upon  the  thickness  of  the 
itratum,  being  great  when  it  is  small,  and  conversely.  If  t  be 
the  thickness  of  the  stratum,  and  E  the  difference  of  potential, 
the  electric  force ^er  unit  length  =  E/(.     Hence, \jy  l\>e  ie?m\tio\i 
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of  the  unit  of  electricity  applied  to  a  surface  distribotioQ,  the 
surface  density  is  a-  =  Ejiirt. 

"  These  electric  layers  are  "brought  into  great  prominence  when 
the  electro-motive  force  acts  all  over  a  closed  surface — for  example, 
when  zinc  is  immersed  in  air.  To  make  the  force  quite  uniform, 
we  may  imagine  electro-motive  force  to  be  applied  at  thoi^e  places 
where  it  is  supported  equal  to  that  acting  from  the  zinc  to  the  air. 
The  electric  layers  will  now  form  a  pair  of  closed  surfaces,  very 
close  together,  wholly  surrounding  the  conductor,  the  positive 
layer  outside,  the  negative  within.  This  combiDatiou  we  may 
call  a  closed  electric  shell,  from  its  obvious  similarity  to  the 
closed  magnetic  shell  which  appears  in  the  theory  of  magnetism. 
The  electric  force  of  the  shell  is  wholly  self-contained — that  is,  it 
is  situated  between  the  two  layers  of  electricity,  directed  straight 
across  the  stratum  from  one  to  the  other,  with  no  electric  force 
either  within  the  irmer  or  outside  the  outer  layer.  The  potentials 
are  uniform  inside  and  outside  the  shell,  hut  differ  by  the  amount 
E,  if  E  is  the  electro-motive  force  from  the  zinc  to  the  air.  For 
if  a  unit  charge  of  electricity  be  carried  from  inside  the  coadactor 
to  the  external  air,  it  will  travel  against  the  electric  force  of  the 
accumulations,  and  work  mu^t  be  done  on  the  charge  to  the 
amount  force  x  distance  or  E/(  x  i  =  E,  which  is  therefore  the 
excess  of  the  outer  above  t  he  inner  potential.  In  this  we  consider 
the  electric  force  due  to  the  layers  alone,  for  the  resultant  force 
being  nothing,  no  work  would  really  have  to  be  done. 

"Comparing  with  a  closed  magnetic  shell,  if  its  positive  side 
be  the  outer,  the  outer  magnetic  potential  exceeds  the  inner  by 
4  Tr  X  strength  of  the  shell.  This  conforms  to  the  above,  remem- 
bering that  the  '  strength '  of  a  simple  magnetic  shell  is  defined 
to  be  the  magnetic  moment  of  unit  of  area,  and  is  therefore  =  sur- 
face density  of  magnetism  x  thickness  of  shell.  We  might 
similarly  define  the  strength  of  the  hypothetical  electric  aheil, 
but  it  is  not  worth  while  doing  so,  as  the  amount  of  the  difference 
of  potential  sufficiently  settles  it. 

"  Now  these  electric  layers,  if  they  existed,  would  be  wholly 
independent  of  any  real  charge  that  we  might  communicate  to  the 
coadactor.     Say,  for  instance,  we  c\iaYgft  \t  by  contact  with  some 
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other  metal.  This  will  not  alter  the  electric  layers  in  anji  way." 
[There  is  a  very  snmll  alteration  due  to  the  depth  not  being 
infinitely  email.]  "  If  they  were  there  before,  they  are  there  still, 
for  there  is  still  the  same  difference  of  potential  at  the  surface" 
[very  nearly].  "The  real  charge,  being  connected  by  lines  of 
force  through  the  air  with  other  conductors,  is  of  course  recognis- 
able, but  no  tests  can  be  applied  to  the  associated  layers.  Perhaps 
it  would  be  most  reasonable,  as  it  is  simplest,  to  put  the  real 
charge  oatside  the  oater  layer,  rather  than  within  the  inner,  or 
between  them,  if  we  must  have  the  electric  layers.  But  although 
this  extraordinary  oomplication  of  the  surface  conditions  by  the 
presence  of  the  layers  may  be  used  as  an  argument  against  their 
exiatence,  still  such  argument  would  be  no  proof  that  they  do  not, 
or  that  they  cannot  esist." 

I  may  add  to  this  extract  that  I  have  no  faith  whatever  in  the 
existence  of  these  layers  of  electricity,  but  must  refer  to  the 
articles  for  particulars.  I  am  sorry  not  to  have  Professor  I..odge 
with  me  in  this  part  of  the  matter,  as  the  wide  publicity  he  gives 
to  his  views  adds  force  to  his  powerful  advocacy.  I  may  add  that 
layers   of  electricity   in    connection   with    impressed    force  are 

^pipparently  widely  believed  in,  even  by  followers  of  Maxwell; 
possibly  in  the  last  case  because  he  was  not  always  true  to  his 
principles,  putting,  for  example,  free  electricity  in  the  interior  of 
conductors,  in  defiance  of  his  law  of  continuity  of  the  current. 
There  may  be  free  electricity  in  conducting  matter  if  it  be 
dielectric  as  well,  and  heterogeneous  (and  all  conductors  may 
support,  elastic  displacement  to  some  extent),  but  its  distribution 
will  not  by  any  means  be  the  same  as  that  suitposcd. 

Practically  these  things  matter  very  little,  but  theoretically 
they  matter  a  great  deal,  as  it  is  imixirtant  to  have  theory  as 
de&nite  as  possible,  as  well  as  consistent  with  itself. 

|A  To  return  to  the  Volta  force.  Although  wc  are  agreed  on  all 
essential  points,  I  cannot  very  well  follow  Professor  Lodge's 
straining  atoms,  nor  see  their  utility  in  the  argument.  This  is 
because  I  know  nothing  about  atoms.  I  cannot  think  that  he 
knows  much  more.  But,  on  the  other  hand,  we  do  know  som&- 
lihing,  however  little,  about  the  law  of  liie  electric  c'i'nftTA., SXiBli. 
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it  "  flows "  in  closed  circuits,  as  if  it  were  an  ineompresdhle 
liquid,  and  that  in  consecjuence  there  can  be  no  current  leaving  a 
conductor,  or  displacement,  if  the  impressed  force  act  equally  all 
round  it,  owing  to  the  balance  of  the  electro-motive  force.  The 
real  interpretation  of  the  quasi-in compressibility  we  do  not  know, 
but  admitting  it,  there  ia  no  difficulty.  We  also  know  that 
chemical  affinity,  or  tendency  to  chemical  combination,  is  measure- 
able  in  ternis  of  electro-motive  force,  ao  that,  as  there  is  cheniicai 
affinity  between  oxygen  and  zinc,  and  air  contains  oxygen,  there 
must  (irrespective  of  the  argument  based  upon  the  absence  of 
reversible  effects  at  metal  junctions)  be  an  outward  acting 
electro-motive  force  all  over  zinc  alone  in  air,  and  therefore  no 
current  or  displacement,  as  above.  Electrically  ejqiressed,  it  is 
intelligible. 

But  when  we,  after  Professor  Lodge,  put  the  electrical  condi- 
tions in  the  background,  and  consider  the  oxygen  atoms  round  a 
piece  of  zinc  all  straining  at  and  trying  to  combine  with  it,  we 
may  well  ask,  why  don't  they  do  it?  All  the  more  should  they 
do  it  if  they  ai'e  straining  all  round,  unless  they  get  wedged 
together,  so  that  it  is  necessary  to  remove  flome  of  them  to  let 
the  rest  go  nearer,  jHjssibly  quite  close  enough  to  combine  with 
the  zinc,  ^'o,  without  such  an  irrational  supposition,  we  must 
fall  back  upon  the  electrical  argument,  and  then  we  do  not  want 
the  imagery  of  straining  atoms,  for  it  is  inteihgible  by  itself.  If 
it  were  thermo-electric  force,  for  example,  it  would  be  necessary 
to  recast  the  imagery,  whilst  the  electrical  argument  remains  the 
same. 

I  am  not  objecting  to  the  use  of  the  imagination.  That 
would  be  absurd;  for  most  scientific  progress  is  accomplished 
by  the  free  use  of  the  imagination  (though  not  after  the  manner 
of  jirofessional  ))oet8  and  artiats  when  they  touch  upon  scientific 
questions).  But  when  one,  by  the  use  of  the  imagination,  has 
got  to  n  deiinite  result,  and  then  sees  a  stricter  way  of  getting  it, 
it  is  perhaps  as  well  to  shift  the  ladder,  if  not  to  kick  it  down. 
For  I  find  that  practically,  in  reading  scientific  papers,  in  which 
fanciful  arguments  are  much  used,  it  gives  one  great  trouble  to 
elimiaate  the  fancy  and  get  at  t\:ie  reaV  ra^amant.    Nothing  is 
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more  neefa]  than  to  be  able  to  distinctly  separate  what  one  knows 
from  wbat  one  only  sapposes. 

To  return  again  to  the  Volta  force.  When  we  desire  to  go 
further  and  inquire  what  is  the  exact  nature  of  the  energy 
transformation  that  takes  place  wLen  the  electro-motive  force  is 
removed  from  a  part  of  the  zinc  Gurface  by  contact,  say,  with 
copper,  thus  causing  a  current  to  pasa  in  the  circuit  copper-zino 
ajr-copper,  setting  up  a  etate  of  electric  displacement  in  the 
dielectric  with  a  certain  definite  amount  of  potential  energy 
depending  on  the  capacity  of  the  condenser  which  the  arrange- 
ment forms,  we  enter  a  very  difficult  and  speculative  matter, 
whose  solution  one  way  or  another  will  not  alter  the  preceding. 
Take  two  flat  plates  of  zinc  and  copper,  for  esample,  and  pub 
them  close  together,  not  touching.  The  moment  they  are 
connected  the  condenser  becomes  L-harged.  Let  U  be  the  poten- 
tial energy  of  displacement.  This  equals  J  E  Q,  if  E  be  the 
difference  of  potential  and  Q  the  charge,  which  again  =  E  S, 
if  S  be  the  capacity  of  the  condentier.  Kow  at  the  same  time 
as  the  potential  energy,  U,  was  set  up,  an  equal  amount  of  Joule 
heat  was  generat-ed  (an  example  of  a  general  law,  concerning 
which  those  interested  in  the  matter  may  be  referred  to  an 
article  by  me  now  awaiting  s^jace  in  a  forthcoming  number  of  the 
EUctrician).  Thus  we  have  2  U  of  work  done.  Besides  this, 
if  there  be  a  copper-air  force  of  strength  a;,  so  that  a;  +  E  is  the 
zinc-air  force,  and  if  this  force  was  jiresent  when  the  current 
jassed,  there  must  have  been  ajQ  of  work  done  at  the  copper 
surface.     Thus 

(E  +  a:)  tj  =  work  done  by  the  zinc-air  force, 
=  i  E  Q,  electrostatic  energy, 
+  i  E  Q,  Joule  heat, 
4-  a:  y,  work  done  at  the  copper-air  surface, 

Now,  as  there  is  a  loss  of  energy  J  E  (j  necessarily,  it  cannot  be 
a  case  of  mere  pulling  backwards  and  forwards  of  atoms,  with 
conservation  of  energy. 

But  irrespective  of  this  loss,  I  am  strongly  of  opinion  that 
there  is  not  a  mere  yielding  to  a  tendency  to  chemical  combination, 
bat  an  actual  combination  when  the  current,  'paa&ea — sn  wA-xwi. 
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minute  amonnt  of  oxidatioQ  of  the  zinc,  as  expressed  in  the  article 
above  quoted. 

To  illustrate,  etart  Tfith  a  conductively  closed  voltaic  circuit. 
It  is  admitted  that  the  steady  generation  of  heat  in  the  circuit  is 
derived  from  the  energy  of  chemical  combination  in  the  celL 
For.  ve  know  that  there  is  combination,  and  that  the  heat  of 
combination  is  of  the  right  amount.  Now  suppose  we  suddenly 
insert  a  very  large  condenser  in  the  circuit,  so  that  the  current  is 
still  kept  up,  although  the  circuit  is  interrupted  in  the  commoa 
language,  the  energy  being  now  delivered  into  the  dielectric  of  the 
condenser,  as  well  as  into  the  conductor,  though  at  a  decreasing 
rate,  owing  to  the  elastic  displacement  set  up  putting  a  gradual 
stop  to  it,  till  finally  the  current  becomes  insensible.  Will  it  not 
be  granted  that  during  the  whole  time  the  decreasing  current 
passed,  the  energy  was  derived  from  chemical  combination,  even 
down  to  the  last  dregs  of  current,  including  the  weak  current 
of  apparent  absorption  ?  and  that  the  same  appUes  when  we 
decrease  the  capacity  of  the  condenser  till  at  last  we  come  down 
to  a  voltaic  cell  with  two  bits  of  copper  wire  attached  to  the 
plates  ?  If  not,  where  shall  we  draw  the  line  between  chemical 
combination  on  the  passage  of  a  current,  the  electro-motive  force 
being  measurable  by  the  h-eat  of  combination,  and  merely  a 
yielding  to  the  tendency,  with  its  necessary  indefiniteneas  ?  And 
why  should  we  draw  any  line  V 

Or,  in  another  form,  let  the  copper  be  in  the  coll  first,  then 
put  in  the  zinc  with  attached  wire,  thus  passing  a  minute  quantity 
of  electricity.  Is  it  not  due  to  chemical  combination  ?  If  not, 
we  are  placed  in  the  gratuitously  difficult  position  that  we  must 
pass  a  certain  quantity  of  electricitj'  before  any  combination 
occurs  at  alh  Now  I  do  not  want  to  assert  that  electrical  laws 
holding  good  on  a  large  scale  necessarily  continue  true  in  the 
same  form  on  all  smaller  scales,  however  small.  This  would  bring 
us  to  fractional  parts  of  an  atom  at  last.  But  in  the  experiment 
just  mentioned,  however  feeble  the  effects  may  be,  they  must 
be  still  far  elevated  above  atomic  fractions,  and  I  therefore  Bee  no 
reason  for  drawing  the  hne. 

Nor  do  1   Bee   any   reason    im    ftrowin^  tSw  line    in    the 
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correspoading  air  experiment  nith  copper  and  zinc.  The  air  tends 
to  oxidise  the  zinc,  but  cannot  when  the  zinc  is  alone,  for  leasona 
intelligible  when  electrioaliy  expreaaed,  otherwise  indefinite,  as 
before  mentioned,  there  being  a  balance  of  electro-motive  force. 
But  destroy  this  balance,  removing  the  cause  that  prevented 
combination  occurring,  by  putting  copper  in  contact  with  the  zinc. 
I  can  see  no  reason  why  it  should  not  occur,  lasting  till  there  is 
again  electrical  equilibrium.  That  the  air  battery  and  the  voltaic 
cell  are  not  exactly  alike,  air  not  being  an  electrolyte  transporting 
ions  delivering  up  their  imaginary  charges,  I  do  not  consider  any 
objection.  We  do  not  need  transport  of  matter.  The  dielectric 
carries  the  cmrent,  according  to  Maxwell's  theory,  and  that  is 
what  is  required.  The  action  at  the  copper-air  surface  is  of 
course  very  obscure,  necessarily  more  so  than  in  the  case  of  the 
voltaic  cell,  where  it  is  obscure  enough. 

If  we  examine  according  to  the  law  of  induction  what  occurs 
when  zinc  and  copper  are  connected,  we  find  that  the  disturbance 
oommencea  at  the  place  of  contact.  This  is,  however,  merely  an 
example  of  the  general  principle  that  when  we  alter  the  electrical 
conditions  anywhere,  causing  a  previously  steady  state  to  he  u])aet, 
the  disturbance  commences  at  the  place  where  the  alteration  was 
made.  Thus,  if  a  battery  hi?  on  at  one  end  of  a  submarine  cable, 
with  its  farther  end  insulated,  and  we  then  put  the  latter  to 
earth,  the  "signal"  will  travel  to  the  battery.  In  the  Volta- 
fbrce  case,  suppose  that,  on  making  contact,  we  inatantaneoualy 
remove  tlie  air  from  a  circular  jjatch  of  zinc,  the  copper  touching 
it  all  over  the  iratch.  Then  the  disturbance  will  start  from  the 
circle  bounding  the  patch,  the  zinc -copper-air  line.  This  line  is 
the  first  line  of  magnetic  force.  As  it  comes  on,  electric  current 
flows  round  this  line,  infinitely  close  at  first,  partly  through  the 
melal  and  partly  through  the  air,  and  the  magnetic  force  spreads 
laterally,  and  with  it  the  electric  current.  But  practically  we 
could  not  instantaneously  make  contact  over  such  a  ]Tatch,  but 
would  commence  contact  nearly  at  a  point,  which  would  be  the 
first  origiu  of  the  disturbance. 

Now  we  know  that  some  pressure  is  required  to  make  a  good 
contAOt.     When  it  ia  Ught,  it  is  microp\iomc,  \ia»  QC(os\?^eni(?i» 
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resistance,  which  is  variable  with  the  strength  of  current  (wUen 
in  a  closed  circuit  with  a  battery),  and  there  is  really  air  between 
the  supposed  touching  surfaces,  through  which  the  current  passes. 
Have  any  experiments  been  made  to  ascertain  the  influence  of 
such  microphonic  contacts  on  the  magnitude  of  the  \'oIta-force 
difference  of  potential  ?  Does  the  difference  of  potential  come  on 
gradually  with  increasing  pressme,  or  does  it  come  on  all  at  once 
at  a  certain  stuge  in  the  operation  ?  Further,  I  would  ask,  lins 
mechanical  work  done  in  making  the  contact  any  concern  tn  the 
matter,  as  in  squeezing  out  air  ? 

I  conclude,  for  the  reason  given  at  the  commencement  of  this 
paper,  with  the  theory  of  impressed  force  in  condenser  circuits. 
Let  there  be  three  condensers,  which  is  enough  for  generality. 


Bi 

Bi 

» 

3: 

a 

>« 

Let  the  positive  direction  in  the  circuit  be  clockwise,  right  to 
left  below,  left  to  right  above.  The  three  conductors  have 
resistances  R„  li,,  U„  aud  the  capacities  of  the  condensers  are 
Sm,  Htf,  Sa,  the  numbers  showmg  between  which  conductors  tbey 
are  placed. 

I^t  the  potentials  on  the  left  sides  of  the  condensers  l)e 
Pm  Tj,,  P5,,  and  the  falls  of  potential  in  ^laasing  through  them 
be  pm,  p,„  p„.  Let  £„  E,,  E,  be  the  impressed  forces  in  the  con- 
ductors, and  fisi,  Cu,  e„  those  in  the  condensers.  E,  is  the  total 
impressed  force  in  Ri,  anyhow  distributed ;  strictly  it  is  the  total 
of  the  impressed  force  resolved  pai^allel  to  the  length  of  the  wire, 
the  impressed  force  at  any  section  being  taken  to  be  the  mean 
value  of  the  force  over  the  section,  so  far  as  the  linear  circuit  is 
concerned.  Similar  remarks  apply  to  the  impressed  forces  in  the 
condensers,  where,  owing  to  the  large  cross-sectiona,  they  are 
more  obviously  required. 

Let  C  be  the  current  in  t^e  ciicmt  au4Q,\.\uii  common  charge^ 
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supposing  that  we  etart  with  the  condensera  uncharged,  so  tliat  Q 
is  the  integral  displacement.  Then,  by  Ohm's  law  applied  to 
each  conductor,  we  have 

P^-P«-P»  +  E,  =  R,C   [■     (I) 

Adding  these,  we  find 

E  — Sy  =  HO    (2) 

where  R  is  is  the  sum  of  the  reaiatances,  Sp  the  sum  of  the  falls 
of  potential  through  the  dielectrics,  and  E  the  sum  of  the  im- 
pressed forces  in  the  conductors.  From  this  we  see  that  when  the 
ste-ady  state  of  no  current  is  reached,  and  C  =  0, 

E  =  tp, 

or  it  is  the  impressed  forces  in  the  conductors  only,  irrespective 
of  what  the  forces  may  be  in  the  condensers,  that  is  opposed  by 
the  smn  of  the  condenser  differences  of  potential.  If  no  total 
impressed  force  in  the  conductors,  the  sum  of  the  falls  of  poten- 
tial is  zero.  I  have  forgotten  to  mention  that  the  E's  and  e's 
include  the  E.M.F.'s  of  induction,  though,  strictly  speaking,  we 
should  confine  the  term  "  impressed  force "  to  a  force  which  is 
neither  that  of  induction  nor  derived  from  difference  of  potentiaL 
Now,  also, 
Q  =  ^uiCeai  +  p«)  =  Su(ej,  +  p^)  =  S„(^„  +  p»)  (3) 
is  the  common  charge,  and 

or,  when  the  impressed  condenser  forces  are  steady, 

r  _  <*Q  _  S    ^'  -  etc 

Put  (3)  in  (2) ;  then 

RC  =  E  -  ^  ~'^^"^'  -etc. 


Or, 
where  e  =  sum  of  impressed  forces  in  tbe  condeTifteta,  «q6.  ?)\a 


EC  =  E  +  e  -  I      (5) 
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the  reciprocal  of  the  sum  of  the  reciprocals  of  their  capacities,  or 

the  capacity  of  the  three  in  sequence. 

Or,                          „       K  +  e  -  Q/S 
^- B 

E  +  e  is  the  total  impressed  force  (this  must  include  the  total 
electro-motive  force  of  induction  in  the  circuit),  and  Q/S  the  back 
force  of  elastic  rlisplacement. 

And  when  the  steady  state  is  reached,  C  =  0,  and 
Q  =  S  (E  +  c), 
or  the  common  charge  =  total  capacity  x  total  impressed  force 
(which    now    of    course    contains    no    electro-motive   force    of 
induction). 

Q  being  known,  by  (3), 

Pa  =  Q/Su  —  €„,  etc., 
give  the  falls  of  potential  iu  the  condensers,  and  (I)  with  C  =  0 
gives  the  falls  in  tbe  conductors.  To  go  into  the  maaner  of  fall, 
the  exact  distribution  of  impressed  force  is  required  to  be  known. 
It  must  exactly  cancel  the  impressed  force  in  the  conductors;  and 
in  the  condensers  the  impressed  force  per  unit  length  +  the  fall 

of  potential  per  unit  length  =  —    x  displacement  per  unit  ares, 

c 

c  being  the  specific  capacity.  The  displacement  per  unit  area  is 
of  course  Q  -e-  area  of  the  condenser  considered. 

The  absolute  value  of  the  potential  JlnJ^vhere  is  left  arbitrary, 
and  it  has  no  absolute  value,  not  signifying  any  physical  state, 
which  is  signified  by  the  electric  force.  The  pot«atiaI  is  a 
quantity  that  by  its  variations  gives  an  ftuxiliary  distribution  of 
force,  which,  together  with  the  impressed  force,  makes  up  a  com- 
plete system  of  force  to  suit  the  continuity  of  electricity,  Ohm's 
law  and  Maxwell's  law  to  match.  There  is  no  electrification  in 
the  conductors,  or  in  the  dielectrics,  however  the  impressed  force 
varies  in  distribution.  Theonly  electrification  is  at  the  boimdaries 
between  the  dielectrics  where  the  displacement  is  elastic,  and  the 
conductors,  where  it  is  not.  But  we  need  not  be  misled  by  the 
term  displacement,  to  thmk  there  ia  anything  displaced  in  the 
direction  of  displacement. 

If  a  condenser  contain  no  impressed  force,  its  fall  of  potential 
is  proportional  to  its  induclive  leaialMice  (tftiiY^iTQisBX  ol  c^'^ftKil^Vi 
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if  it  contain  impressed  force,  it  is  the  sum  of  the  impressed  force 
and  the  difference  of  potential  tliat  is  proportional  to  the  inductive 
resistance. 

We  may  write 

so,  if  S  :  Su  =  Ci,  :  e, 

or  the  impressed  force  in  any  condenser  is  the  same  fraction  of 
the  total  impressed  force  in  all  the  condensers  as  the  inductive 
resistance  of  the  condenser  is  of  the  total  inductive  resistance, 

we  have 

ES 

P"  =  ST  ' 

the  fall  of  jxitential  now  depending  on  the  impressed  force  in  the 
conductors,  being  the  same  fraction  as  before  mentioned  of  the 
total  conductor  impressed  force.  And  if  E  =  0,  then  p,  =  0 ; 
that  is,  if  the  impressed  forces  be  in  the  condensers  only,  and 
proportional  in  each  to  its  inductive  resistance,  there  is  no  dif- 
ference of  potential  in  any  part  of  the  system  if  they  be  uniformly 
spread  in  each  condenser ;  otherwise  the  conductors  are  all  at  the 
same  pot(«itial,  and  the  condensers  appear  uncharged,  but  there 
are  variations  in  the  condensers  themselves. 

By  (2)  and  (3)  the  differential  equation  of  the  current  is 
C  dC_dE       de 

S  '^  ^  dt  ~  dl  '^  dt' 
or,  adding  the  electro-motive  force  of  induction  separately,  which  is 

,  dC 

-^dT 

if  L  t>e  the  co-efficient  of  self-induction  of  the  circuit, 
C       ^dC       ^  d'C       dCE  +  e) 

s  +  ^dT  +  ^d^  =  ~~di     ' 

which,  save  in  the  presence  of  e,  does  not  differ  from  the  ordinary 
case  of  a  coil  and  condenser.  It  is  in  the  potential  details  that 
the  cases  of  impressed  force  in  the  conductorsand  in  the  dielectrics 
require  to  be  distinguished. 

In  the  VoUa-force  experiment  (say,  copper  and  zinc),  we  have 
a  feeble  thermo-electric  force  at  the  metallic  junction,  feeble 
thermo-electric  forces   in   the  zinc   and  coppei  W  V«Tti'g«ta.^^iift 
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varies,  and  two  big  forces,  one  of  ai  +  -8  volt,  eay,  in  a  thin  layer 
of  the  dielectric  next  the  zine  wurface,  and  one  of  x  volt  aimilarly 
nt  the  other  end  of  the  dielectric.  On  charging,  the  rise  of 
potential  is  very  nearly  as  much  at  the  zinc  layer,  with  very 
nearly  as  much  fall  as  before  at  the  copper  layer. 

The  theory  of  impressed  force  and  potential  in  a  dielectric  is 
curiously  illustrated  by  the  phenomenon  of  absoqition.  The 
electric  elasticity  is  not  perfect;  under  the  action  of  the  stress 
the  dielectric  alowly  yields,  and  with  it  a  part  of  the  displace- 
ment set  up  by  an  impressed  force  outside  ceases  to  be  of  the 
elastic  character,  becoming  intrinsic,  and  the  difference  of 
potential  falls,  requiring  more  current  to  enter  to  keep  up  the 
difference  of  potential. 

The  first  discharge,  like  the  iirst  charge,  is  of  elastic 
displacement.  What  is  left,  which  shows  no  signs  of  being  there 
at  all,  was  elastic,  hut  is  no  longer  so.  We  may  regard  it  as  being 
kept  ap  by  uniformly  distributed  impressed  force  in  the  dielectric 
itself,  arising  from  altered  state  of  the  dielectric  produced  by  loss 
of  elasticity.  In  time  it  recovers  itself,  or  the  impressed  force  is 
taken  off,  when  the  residual  charge  shows  itself  by  the  difference 
of  potential  it  can  now  produce. 

To  really  discharge  the  condenser  at  once,  we  must  apply, 
after  the  first  discharge,  an  opposite  impressed  force  of  the  right 
amount,  of  course  apparently  charging  the  condenser  oppositely 
to  before.  Leave  it  to  itself,  disconnected,  and  the  apparent 
charge  will  gradually  disappear, 

Kesidual  magnetisation  in  soft  iron  is  somewhat  analogous, 
but  the  effect  is  of  far  greater  magnitude,  and  there  is  permanent 
set  as  well,  which  becomes  predominant  in  intrinsic  steel  magnets. 
But  we  can  set  up  permanent  set  of  displacement  also  in  a 
dielectric,  aa  by  passing  a  current  through  warm  glass  and  then 
cooling  it.     It  is  then  like  a  permanent  magnet. 

If  we  had  conductors  for  magnetic  induction  (analogous  to 
electric  conductors),  we,  by  mngnetising  a  plate  of  iron  setting  up 
residual  magnetisation,  could  apparently  discharge  it  so  ae  to 
show  no  force  outside.  It  would  then  be  like  the  charged  con- 
denser (ia  which  "absorption"  baa  occurred)  after  ita  apparent 
discbarge. 
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The  One  Hundied  and  Forty-fiftii  Ordinary  Meeting  of  the  Society 
was  held  at  the  Institute  of  Civil  Engineers,  27,  Great  George 
Street,  Westminster,  on  Thursday,  the  14th  !\Iay,  1885 — 
C.  E.  Spagkoletti,  Esf|.,  M.  Inst.  C.E.,  President,  in  the 
Chair. 

The  minutes  of  the  last  meeting  were  read  by  the  Secretary, 
and  confiraied. 

The  pRESiDEST  then  called  uixin  Professor  Andrew  Jamieaon 
to  read  his  iwiper  on 

ELECTRIGAJ.  DEFINITIONS,  NOMENCLATUEE,  AND 
NOTATION. 

By  Professor  AKnilEW  Jamie-sok,  C.E.,  F.R.S.E.,  Member. 

Prineifal,  College  of  Scienet  and  Arlt,  Qlai-i<mi. 

With  the  rapid  jirogress  that  has  lately  been  made  in  electrical 
science  and  its  applications,  there  has  sprung  up  a  new  and  fast- 
iOLTeasing  class  of  practical  electricians.  These,  ])artly  from 
necessity  and  partly  from  well-meant  respect,  have  adopted  and 
applied  the  old  terms  and  ei^iresaions  which  appeared  suitable 
to  their  predecessors,  as  well  as  coined  not  a  few  new  ones,  imtil 
now  their  vocabiilary  is  in  considerable  confusion,  and,  as  all  must 
admit,  requires  sifting  and  reform. 

Nothing  is  more  tantalising  and  perplexing  than  the  different 
modes  of  expression  and  symbols  used  by  different  authors,  and 
sometimes  by  the  same  author,  to  explain  and  interpret  one  and 
the  same  thing  or  result.  All  this  might  be  avoided  if  an 
international  system  of  definitions,  nomenclature,  and  notation 
was  agreed  u\vm  and  legalised.  The  rapidity  with  which  the 
new  definitions  of  the  ohm,  ampere,  and  volt  (issued  and 
legalised  last  spring  at  Paris  by  the  International  Congress  of 
Electricians)  were  universally  adopted,  shows  this.  These 
definitions  should  be  still  further  extended  to  other  elej;trical 
units.  They  should  embrace  a  suitable  eystem  of  notation, 
whereby  electricians  could  represent  in  symbols  and  Ve,tt,e\*, 
terms,   espressiain-,  and   fonnuliB   of  cotmuoti   otcorceBGc,  ia  * 
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Bimilar  manner  to  that  adopted  by  ohemiata  in  connection  vrith 
chemical  elementa  and  their  combinations.  Laat  session  the 
author  promised  a  communication  to  tlie  Society  on  this  subject, 
and,  being  again  reminded  by  the  Secretary  of  Ma  unfulfiUe 
promise,  he  now  submits  a  few  of  the  more  apparent  instance 
where  ambiguity  or  want  of  uniformity  eiiats,  with  suggestion^ 
in  tlie  hope  that  a  discussion  may  follow,  and  that  a  committe 
of  tliis  Society  may  be  formed  to  consider  and  draw  up  a  series 
definitions,  nomenclature,  and  notation  that  would  lie  generalli 
acceptable.  The  proposed  committee  might  then  confer  with  tl 
Frpncli  Committee,  also  with  a  similar  committee  appointed  by 
the  British  Association,  and,  finally,  this  important  question 
should  be  referred  to  the  International  Congress  of  Electricians, 
in  order  that  they  may  legalise  and  issue  their  decisions  in 
Bimilar  manner  to  that  adopted  by  them  in  the  case  of  the  ohm" 
the  ampere,  and  the  volt.  Undoubtedly,  if  such  a  course  wer 
adopted,  most  beneficial  results  would  accrue  to  all  concerned. 

Only   last   November,  M.    Hoapitalier   brought   this  aubjea 
prominently  before  the  International  Society  of  Electricians 
Paris,  and  strongly  advocated  an  investigation,  so  that  you 
no  doubt  have  their  support  and  concurrence." 


*  Communication  Foite  &  la  Soci  jtj  Internationale  des  Electricien^  le 
Novembre,  ISW,  par  M.  E.  Hospitalier  sur  L'Uniti!  de  Ddfiuitions,  Convention 
Notationi,  et  Symbolya  iilect.riques  (i^tJo  L'Etectriciim,  13  Dtfoeiubre,  183i). 

"Sar  la  propoBition  dn  President,  I'aagembl^  d&2ide  qu'une  Commiisioii 
■pjcialo  iera  nomm^e  i.  t'liff^t  de  recbercher  les  meillunres  mi<Ihades  Ii  adopter 
pour  les  notations  ^lectriquei  et  de  coditler  cea  notationa. 

"  M.  le  Priaiilanl  piupote,  au  nom  da  Bureau,  d'nppeler  &  faire  partie  de  1 
C.immiuion  dea  notations  flectriquea. 


"  MM.  Ed,  Becqutrel. 
„     E.  E.  Blavier. 
„     Mario.  Davy, 
„     Tresca, 
„     Maurice  Jjfivy, 
„     O.  Lippmann. 
„     rflii  Lucas. 
„    Meroadier. 
„     Da  Meric«ni. 

M.V.WUliot. 
" L'a»sembl6e  adopte  cett«  Uste  %  V\LTi&TiAia\\A." 


MM.  H.  Becquerel. 

„  a.  OabancUas. 

„  J.  Carpentier. 

„  Guul.bier-ViUara. 

„  E.  Boipitalier. 

„  D.  Monnier, 

„  D.  Napoli, 

„  Pollard. 

„  J,  Raynaud, 
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Examples, — 1.  At  the  very  outset  aludente  are  perplexed  by 
such  different  terms  as  "  Ordinary*  or  Static  or  Frictional  or 
High-tension  Electricity."  One  author  will  tell  his  readers  or 
students ;  "  For  a  long  time  the  name  Frictional  Electricity  was 
given  to  a  group  of  phenomena  produced  hy  electrical  charges. 
This  is  an  improper  expression,  because  friction  is  only  one  means 
for  producing  electrical  charges."t  Another  says ;  "  Static  Elec- 
tricity is,  however,  a  misnomer:  it  has  no  existence:  all  the 
phenomena  are  due  to  static  strains,  but  there  is  always  a  gradual 
loss  called  leakage,  which  is,  however,  the  current  due  to  the 
actual  conductivity  of  all  circuits,  and  every  motion  set  up  by 
so-called  static  electricity  implies  a  transfer  of  energy  and  action 
occnjxing  in  a  field  of  force  set  up  in  the  form  of  strains  in  the 
jarticular  inductive  circuit  in  which  the  motions  occur,"!  A 
third  ohjectB  to  the  word  "tension  "  in  respect  to  electricity,  and 
points  out  that  "  all  the  phenomena  observable  in  connection  with 
so-called  High-tension  Electricity  may  be  produced  by  electricity 
drawn  from  batteries  or  dynamos  if  the  electro-motive  force  or 
difference  of  potential  is  suiEciently  increased."  Would  not  the 
term  "  Electrostatics  "  be  more  suitable  and  comprehensive  ?  § 

2.  The  old  nomenclature  "  vitreous  "'  and  "  resinous,"  aa 
apphed  to  substances  which  when  rubbed  by  certain  other  sub- 
stances  produce  opposite  electrical  properties,  and  the  scholastic 
one  and  two  fluid  theories  based  upon  these  effects,  should  be 
discarded  for  the  more  comprehensive  modern  theory  of  electric 
polarity  of  molecules  or  contiguous  particles,  expressed  by 
"positive"  and  "negative,"  or  by  the  algebraical  signs  ( -|- )  and  ( — ). 

3.  "  Electrics,"  "  dielectrics,"  "  nonconductors,"  "  insulators," 
and  "isolators"  are  terms  used  by  different  writers  to  express  a 
condition  or  behaviour  of  certain  materials  with  respect  to 
electricity,  in  contradistinction  to  the  terms  "  nonelectrics "  or 
"  conductors  "  as  apphed  to  other  materials.  The  words  "  electrics," 
"  nonconductors,"    and    "  nonelectrics "    are,    strictly    speaking, 

■  The  term  oied  bj  Faraday,  {fiee"Expurimeiital  Beaeurcliei/'byJUicliael 
Jaraday,  p.  82,  art.  2ftl.) 

t "  Electrician's  Pocket-book,"  by  E.  Hospitaller,  p.  6, 
;  "Electricity," aecynd  edition,  by  Bprague,  p.  6,  art.  W. 
S-Electrieitr  and  MagoetiBm."  bv  Clerk  Max.-Wv:l\,'Vt)\-1.,'eM\.\. 
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meaninglesB,  because  all  materi&ls  may  be  t«rmed  electrics  and  t^^ 
conductors,  only  differing  in  degree.     Tbe  words  "  isolators  "  and 
"iBolatiott"   {from  the  French  verb  iwler,  to  isolate  or  separate) 
should  give  way  to  "  insulators  "  and  "insulation"  aa  applied 
Bubsttances  which    offer  a  comparatively   greater   resistance 
electricity  than  semi  or  good  conductors  used  in  connection  wi 
the  apparatus  being  referred  to  at  the  time. 

The  term  "dielectric"'  was  first  used  by  Faraday  on  finding  th 
conduction  was  effected  by  induction  (of  polarity  from  molecul< 
to  molecule),  and  is  generally  employed  by  practical  electrici. 
when  speaking  of  the  inductive  capacity  of  the  insulating  niuteri 
surrounding  the  conductor  of  leading  wires  or  submarine  cable: 
or  that  placed  between  the  plates  of  a  condenaer.     In  this  sense, 
viz.,  of  a  body  transmitting  electric  induction,  or  capable  of  unde: 
going  electric  stress,  and  retaining  the  stressed  condition,  it  is 
very  appropriate  term  to  use. 

4.  The  term  "  accumulator  "  is  the  name  given  in  several  t^ct- 
books  to  apparatus,  such  as  the  Leyden  jar  or  condenser,  for 
receiving  and  retaining  quantities  of  electricity,  but  has  been 
lately  inappropriately  applied  to  secondary  batteries,  which  do 
not  accumulate  electricity. 

5.  "  Cascade,"  as  applied  to  Leyden  jars,  should  give  way  to 
"  aeries." 

6.  "Ten8ion,"t  "potential,"  and  "electro-motive  force,"  are 
terms  which,  when  variously  and  indiscriminately  applied,  have 
given  rise  to  considerable  confusion,  and  a  great  deal  of  writing  in 
trying  to  define  them.  If  we  consider  "tension"  as  simply  the 
stress  put  upon  the  circuit  by  the  electro-motive  force,  and  not 
in  the  sense  that  it  used  to  be  employed  (for  example :  "  Join  up  a 
battery  or  set  of  condensers  for  tension"),  it  might  do  very 
well  if  kept  in  its  place;  but  it  can  easily  be  dispensed  with. 
"  Potential "  is  a  word  that  has  also  given  great  trouble.    We  find 

"Faraday'i  "EiperimenUI  Heaearclieti,"  p.  86*.  "I  are  the  word  cHoUalric 
to  «ipreas  that  autistance  througL  or  ucrois  whjcli  tbe  electric  foreea  «r« 
acting."    (See  alao  pp.  637,  538.) 

tFoT  a  guod  dtftnitiga  of  these  temui,  mc  "Electricity  and  Magnetum," 
by  aerk  ytawreli,  Vol.  l^  p.  49. 
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"Sprague's  Electricity  "•  no  less  than  three  pages  devoted 
an  explanation  of  the  different  ways  in  which  the  words 
"  tension  "  and  "  potential "  are  employed.  Clerk  Maxwell 
said:  "The  theory  of  electrostatics  is  greatly  simplified  by  the 
introduction  of  this  new  conception  of  ^xitential."  "As  soon  as  we 
pass  from  electrostatics  to  other  departments  of  electrical  science, 
we  find  that  the  conception  of  potential  is  no  longer  available, 
except  when  used  in  a  restricted  aenseand  under  care fnlly-de fined 
conditions."  "In  other  parta  of  electrical  science  we  have  to  deal 
with  electro-motive  force  in  cases  where  '  potential '  and  conse- 
quential 'potential  difference'  are  words  without  meaning." 
Professor  Fleeming  Jenlcin,  in  his  well-known  text^book  on  eleo 
tricity  and  magnetism,  devotes  twenty-six  pages  to  "potential," 
and  defines  "  unit  difference  of  potential  or  electro-motive  force 
in  electrostatic  measure  to  exist  between  two  points  when  the 
unit  quantity  of  electricity  in  passing  from  one  to  the  other  will 
do  the  unit  amount  of  work."  "The  property  of  producing  a 
difference  of  potential  may  be  said  to  be  due  to  a  peculiar  force, 
to  which  force  the  name  fUctro-^iotCve force  is  given."  "The  words 
tUctro-moiive  force  and  difference  of  'potential  are  used  freriuently 
one  for  the  other,  but  they  are  not,  strictly  speaking,  identical." 
**  Electro-motive  force  is  the  more  general  term  of  the  two,  and 
includes  difference  of  [Mtential  as  one  of  its  forms."  "Potential" 
might  well  be  reserved  for  electrostatics,  and  "electro-motive  force" 
for  electrokinematica,  or  current  electricity,  and  thus  prevent 
confusion.  The  word  "electric-pressure"  has  come  into  vogue 
lately,  and  strongly  appeals  to  those  of  a  mechanical  turn  of 
mind,  seeing  that  the  hydraulic  simile  of  "  head  "  or  "  pressure  " 
is  often  brought  forwurd  to  assist  in  explaining  the  terms 
'potential"  and  "electro-motive  force." 

7.  In  magnetism  we  find  the  same  want  of  uniformity  exists. 
Take  the  case  of  a  freely-suspended  magnetised  needle.  The  pole 
which  turns  towards  the  geographical  north  is  variously  called 
the  "  austral  pole,"  "  north  pole,"  "  north-seeking  pole,"  "  marked 
pole,"  and  is  painted  red  by  Sir  William  Thomson,  while  Sir 


'  Jsat  edition,  pp.  58-64. 
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George  Airy,  ProfeBsor  Guthrie,  and  others,  paint  it  blue.     It 
BometiuieB  indicated  by  FrencL  makers  by  the  letter  A,  and 
British  by  the  letter  A'.     The  pole  which  turns  towards  the  geo- 
graphical south  is  corresiiondiiigly  called  the  "  boreal  pole,"  "south 
pole,"  "  south-seekiug  pole,"   "  non-marked  pole,"   iiiunted  blaa 
by  Thomson,  and  red  hy  Airy,  Guthrie,  and  others,  and  indi- 
cated by  the  letters  B  or  S,      .Such  is  the  general  doubt  and 
diversity  in  regard  to  the  nomenclature  on  this  subject,  that  each 
author  on  magnetism  considers  it  necessary  to  state  at  the  outS' 
which  term  and  symbol  he  intends  to  apply.     If  once  for  all  t 
pole  which  turns  towarrls  the  north  was  termed  the  "north  pole,' 
painted  blue,  and  indicated  by  the  letter  JV,  and  the  opposite  pole 
was  termed  the  "  amdh  pole,"  painted  red,  and  indicated  by  thi 
letter  S,  much  vexation  would   be  saved.      The   French   tenoB 
"austral  "and  "boreal,"  with  letters  A  and  ij,  should  be  oblite^, 
rated.     In  this  way  the  earth  would  have  a  uniformly  recognisi 
polarity,  which  would  of  course  be  opposite  to  that  of  the  nia, 
netiaed  needle — in  other  words,  the  true  north  pole  of  the  eart; 
would  be  that  situated  near  the  geographical  south  pole.' 

8.  Sailors  and  some  writers  on  the  mariner's  compass  call  the 
angle  which  the  magnetic  meridian  makes  with  the  geographical^l 
meridian,  the  "variation  "of  the  compass,  while  electricians  call  i^^ 
the  "  declination,"     ^'ariation  ia,  properly  speaking,  the  hourly, 
diurnal,  annual,  or  secular  changes  which  occur  in  the  value  of  thi 
elements  of  terreatrial  magnetism.     This  leads  to  great  confusio: 
and  argument  between  the  electricians  and  the  officers  of  a  tel 
graph  steamer.     The  declination  for  each  place  is  mai^ked  od  the 
Admiralty  charts.     Sailors  also  speak  of  the  "deviation"  of 
compass,  meaning  by  that  the  local  error  due  to  the  resultant 
the  quadrantal,  semicircular,  and  lieeUng  errors.     It  would  be  fi 
better  if  they  simply  spoke  of  the  "  compasa-error,"  or  angle  whic! 
the  meridian  of  their  en m pass-needle  makes  with  the  true  no, 
and  south  magnetic  bearings. 

9.  'When  we  come  to  electricity  generated  by  batteries, 

*  Sir  'Wm.  Thomaon  calls  the  lUiLgiietic  pole  of  Uic  tiartli,  litunted  near  U)« 
geugropliical  nottli,  the  "north  pole,"  and  the  end  ot  the  magnetised  oeedie 
which  jKiints  I owuriis  it,  tliu  "inw  mulApo!*"  ot  the  needle,  and  paints  it  red.^ 
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find  the  expressious  "  galvanism,"  "  voltaic  electricity,"  "  dynamic 
electricity,"  "electrokinetics,"  "current  electricity,"*  etc., accord- 
ing to  the  fancy  of  the  writer  or  speaker.  Surely  one  name  might 
suffice  ;  and  certainly  the  older  terms  "  galvanism  "  and  "  voltaic 
electricity"  might  well  be  left  to  the  paat.  The  simple  term 
'current  electricity "■  seems  to  commend  itself,  as  most  of  the 
effects  in  connection  with  this  branch  of  the  subject  have 
ireference  to  electricity  as  if  it  was  in  motion  or  distributing 
itself  over  a  conductor. 

10.  "Density  of  current"  and  "intensity  of  current"  often 
cause   great  confusion.      "Density  of  current"  should  only  be 
UPed  in  the  case  of  electrolysis  or  electro-deposition  of  metals. 
^^  Here  it  means  the  amperes  per  unit  of  surface  of  the  cathode. 
^■In  electrostatics  "surface  density"  or  "electric  density"  means 
^Hthe  quantity  per  unit  area  of  surface.     "  Intensity"  was  used  at 
^Bone  time  in  the  same  sense  as  "electro-motive  force"  is  now,  and 
^^therefore  not  so  much  out  of  place  there;  but  several  writers, 
notably  Prof.  Silvanus  Thompson,  have  thought  fit  to  borrow  the 
French  term  "  intensity  de  courant "  wholesale,  instead  of  a  trans- 
mutation thereof,  and  to  symbolise  it  by  the  letter  /.     The  literal 
^^translation  of  the  French  word  intemt'di  being  strength  or  amount, 
therefore  the  expression  "  current  strength,"  or  simply  "cmrent," 
symbolised  by  C,  is  far  preferable,  for  it  conveys  the  correct  mean- 
ing of  the  quantity  in  a  given  time.     With  a  little  persuasion, 
French  electricians  would  no  doubt  agree  to  the  symbol  C  instead 
of  /,  to  promote  uniformity.     Then  /  might  be  reserved  for  in- 

» tensity  of  magnetism,  where  it  suits  very  well. 
11.  "Po8itivee!ectrode,""(  +  ) terminal," "zincode,"  "anode," 
"  positive  pole,"  and  "  negative  plate,"  severally  used  by  different 
writers  to  designate  that  end  of  a  cell,  battery,  or  pile  where  the 
current  leaves,  and  "negative  electrode,"  "  (  —  )  terminal,"  "  plati- 
node,"  "kathode"  or  "cathode,"  "negative  iiole,"  "chlorous  pole," 

•  Bee  Fergoion'a  "  Electricity,"  lecond  t'dition,  ty  Profeesor  Blyth,  p.  181. 
The  term  "eidcIr^kici'muLica"  has  'bnau  used  liy  Clerk  Maxwell  to  cover  a 
large  pari  of  this  auhject,  sucli  as  "electric  current,"  "ponduciion,"  "  resislftncB," 
"  electro-motive  force,"  "electrolysis,"  etc.  (See  ''Electricity  and  Atagnetism," 
,  by  aerk  MaiweJJ,  Vol.  1..  Part  2.) 
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"  i>ositive  plate,"  where  the  current  returns  to  or  enters  the  same, 
requires  revising  and  simplifying,  more  especially  when  we  consider 
that  the  end  plates  of  a  battery  are  of  opposite  sign  to  their  elec- 
trodes or  terminals,  and  that  the  nomenclature  is  still  further  com- 
plicated when  we  come  to  consider  secondary  batteries  or  electro- 
lysis by  the  terms  "  onion,"  "  kation  "  or  "  cation,"  and  "  ions." 
Take,  for  example,  the  definition  given  by  Sprague"  of  "  anode  " : 
"  The  positive  electrode  or  pole  of  a  battery  j  the  wire  or  plate 
connected  to  the  copper  or  other  negative  element  of  the  battery ; 
the  platewliich  leads  the  +  current  intoa  solution  to  bedecom posed, 
and  at  which  are  set  free  the  oxygen,  acid  radicals  and  hU — ions 
(anions).  Inelectro-metallurgy  it  is  usually  formed  of  the  metal  to 
he  deposited,  in  which  case  it  is  called  the  soluble  anode  or  pole  "I ! 
12.  Again,  we  have  the  two  different  ways  of  gruphically 
representing  a  battery 


I 


^-M 


•f^ 


according  to  the  whim   or  fancy  of  the  writer.     Practical  sub-f 
marine  electriciana  were  the  first  to  use  this  very  neat  and  hnndy 
way  of  representing  a  battery  and  its  poles,  and  always  adopted 
the  former  method,  with  the  long  thin  vertical  line  for  the  plate 
where  the  current  leaves,  and  the  thick  short  line  for  the  plate  j 
where  the  current  returns  to  the  battery.     Why  should  this  have| 
been  departed  from?     It  is  a  mere  arbitrary  arrangement,  hut,! 
being  B  most  convenient  symbol,  it  should  be  used  in  a  oniforiai 
manner.       Mr.   John   Munro   proposes   that   the   symbol   for    %\ 
secondary  battery  should  be  a  modification  of  this,  viz., 


h 


■  Bprague'a  ■'  Electricity,"  1881  e<!iiion,  p.  624. 

t  See  Fiiniday'a  "  Experiroentiil  Reseu relies,"  arLicles  6G1  to  667,  on  Difi- 
nitioni  o/  Sew  Temn,  wliere  he  very  clearly  poiiita  out  the  meaning  he  attaches 
to  the  worila  "electrode,"  "naoJe,"  "cathode,"  "  ions,"  "  """O"!"  "  w'lioo,"  ete 
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the  current  outside  the  cell  proceeding  from  the  long  line  to  the 
short  one. 

13.  "Parallel  circuit,"  "multiple  arc,"  "loop  circuit,"  "in 
loop,"  "derived  circuit,"  "shunt  circuit,"  are  all  expressions  to 
signify  pretty  much  the  same  thing,  where  one  expression, 
"  shunt  circuit,"  would  do. 

14.  "Polarisation  "  is  a  term  used  in  many  different  senses — for 
example,  the  polarisation  of  battery  plates,  molecular  polarisation 
due  to  electrilication  or  magnetisation,  polarisation  of  light  due 
to  magnetism,  etc.,  as  in  Dr.  Kerr's  experiments.  Some  reform 
is  required  here. 

la.  Coming  to  telegraphy,  telephony,  and  electric  lighting, 
we  tind,  as  M.  Hospitalier  points  out,  "the  words  generator, 
receiver,  transmitter,  and  motor  are  mixed  up  by  diflferent 
inventors,  sometimes  through  ignorance,  Boroetimes  willingly." 
"  A  generator  is  an  apparatus  which,  receiving  energy  of  a 
certain  nature,  produces  an  energy  of  another  nature,  and  it 
borrows  its  name  from  the  nature  of  the  energy  which  it 
generates.  A  receiver  is  an  ajiparatus  analagous  to  the  generator, 
but  it  borrows  its  name  from  the  energy  which  it  receives."  "  A 
given  apparatus  ia  at  once  a  generator  and  receiver — for  example, 
an  electric  motor  ia  a  generator  of  mechanical  energy  and  a 
receiver  of  electrical  energy."  "The  name  transformer  ought 
to  be  reserved  for  an  apparatus  which,  receiving  an  energy  of 
a  certain  kind,  reproduces  or  brings  into  play  an  energy  of 
the  same  kind  or  of  the  same  form."  For  example,  induction 
coils  as  used  on  a  trunk  telephone  line  with  several  sub- 
scribers' lines  at  each  end,  or  in  electric  lighting  on  the 
Gnulliard  &  Gibba'  system,  lately  tried  in  London.  Professor 
Silvanus  Thompson  uses  the  phrase  "  Dynamo-electric  Machinery  " 
in  the  most  general  etymological  sense  of  the  term,  as  meaning 
machinery  for  converting  the  energy  of  mechanical  motion  into 
the  energy  of  electric  currents,  or  vice  versa,  excepting  such  induc- 
tion jnachinea  as  Holtz,  Voss,  etc.  He  thinks  this  reduces  the 
ambiguity  to  a  minimum,  and  leaves  the  word  "motor"  to  be 
applied,  if  desired,  to  the  steam-engine,  water-wheel,  etc.,  from 
which  the  mechanical  motion  ia  derived.     Tb.e  teima  "  TOa.^e'Wi- 
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electric  machine,"  as  applied  to  a  dynamo  fitted  with  permanent 
field-magnets,  and  "  electro  -  magnetic  machine"  to  a  series, 
aeparately-escited,  shunt,  or  compound-wound  dj-namo  {generator 
or  receiver),  are  very  handy  espressions,  and  should  not  be 
diMcarded. 

16.  We  have  dealt  hitherto  chiefly  with  definitions  and  no- 
menclature, and  have  given  a  few  examples ;  others  will  occur  to 
every  member  present.  We  now  come  to  abbreviations  and 
notation  with  symbols.  The  want  of  uniformity  here,  and  the  need 
for  system  at  i  sing,  is  still  more  obvious,  but  perhaps  more  difficult 
to  accomplish.  Every  one  admits  the  great  advantage  in  being 
able  to  write  down  the  symbols  for  chemical  elements  and  their 
actions  and  reactions  one  with  the  other  in  the  form  of  simple 
equations,  which  any  one  may  comprehend  who  knows  the  subject, 
without  a  detailed  description  of  what  each  letter  or  symbol 
stands  for.  Electricians  should  not  rest  satisfied  until  they  are 
supplied  with  a  similar  universally-accepted  notation,  whereby 
electrical  phenomena  and  actions  may  be  similarly  treated.  The 
author  subniits  a  sample  of  what,  he  considers  would  be  useful  in 
this  respect.  Ulany  of  them  are  taken  from  Muuro  and  Jamieson's 
"  Pockot-book  of  Electrical  Form ulie,"  where  an  effort  wusmade  to 
use  the  same  notation  and  abbreviations  throughout,  except  in 
Buch  cases  as  that  of  quoting  direct  from  some  other  author. 

It  will  be  observed  in  this  list  that  in  moat  cases  (he  first 
English  or  Greek  letter  of  the  word  has  been  used.  Those  relat- 
ing to  the  metric  system  have  been  copied  from  the  French  edition 
of  Hospitaher's  "Electrician's  Pocket-book,"  which  are  no  doubt 
copied  from  the  list  deciiled  upou  by  the  International  Commission 
on  the  M6tre,  with  a  few  omissions  and  additions  by  the  author. 

The  Greek  letters  tt,  fi,  e  are  universally  adopted — w  for  the 
ratio  of  the  circumference  of  a  circle  to  its  diameter,  /j.  for  the 
ooeffieient  of  friction,  and  e  for  the  base  of  Napierian  logarithms. 

Metric  Abbreviations. 
ra.     for    m^tre. 
cm.    „    centimetre. 
mm.  „     millimetre. 


NOMENCLATUEE,  AND  NOTATION. 


aor 


mK 

for 

ra6t  re-square. 

m'. 

n 

metre-cube. 

c". 

!1 

ceotiui^tre-aquare. 

c'. 

!1 

centira  Stre-cube . 

gm. 

1> 

gramme. 

mg. 

»I 

milligmmme. 

I^g- 

»> 

kilogramme. 

kgm, 

'    » 

kilogramm^tre. 

&c. 

&c. 

tern  J 

'■., 

temperature. 

res. 

IJ 

resistance. 

g.d. 

f) 

grarnme-degr^. 

kg.d, 

'   « 

ki  logram  m  e-degr^. 

Electrical  Abbreviations,  Notation,  and  Symbols. 

When  a  capital  letter  is  used  for  (he  symljol,  then  small  capitals  or  itiilica 
wiUi  auffiiea,  1,  2,  S,  etc.,  may  be  used  tor  part*  making  up  ii  wiole.  For 
example — L  for  length,  Li,  xa,  i),  etc.,  or  I|,  Cj,  Ii,  for  different  Icngtbs,  or  parts 


FundamiKntal  and  Derived  Mechanical  Units. 

L  for  Length. 

M  „   Mass. 

T  „   Time. 

■V  or  V  „   A'elocity. 

A  or  a  „   Acceleration. 

F  „  Force. 

S  „  dyne;  e.g.,10S=  10  dynes. 

W  „  Work. 

■w  „   weight. 

ft.lb.  „   foot  pound. 
HJ*.  or  H*     „   Horse-power. 

I.H.P.  „   Indicated  Horse-power. 

B.H.P.  „  Brake  Horse-power. 


Other  Common  SyviboU  allied  to  Mechanical  Work. 
D  or  d  for  Diameter, 

r  „  radios. 
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«  for  angular  velocity  =  2  irn in  radiimaper second. 

g  „  acceleration  due  to  gravity. 

N  or  Til  71,  etc.  „  number  of  revolutions. 

— '  „   second  ;  e.g.,  S'"  5™  lO*  =  3  hours  5  minutes 

10  seconds. 
TiTtT,  etc.  „   temperatures,  absolute. 
art  °ti°tg°  etc,  ,f  „  common. 


Fradical  Electric  Unita. 

Tlie  HJtronomic&l  method  of  putling  tbe  amall  tetters  above  tha  line  of  the 
figures,  as  in  the  cose  of  tbe  example  S'"  S^  lO  (3  hours  6  minulca  10  second*), 
has  not  been  followed  in  the  fallowing  examples,  as  mai.hemitticians  object  to 
the  system,  the  letters  appearing  as  if  tliey  were  powuri.  Neither  will  they 
readily  agree  to  attfflxes,  as  suffi^ea  have  been  already  inlopl«cl  by  them  ti> 
distinguish  between  things  of  tbe  aaine  kind.  Tbe  author  has  tberelbre 
written  the  distinguiabiog  letters  on  a  level  with  tlie  figures:  for  example, 
10b  standi  for  10  obins  (the  methods  10°*  and  lOo,  being  both  objectionable]. 

C.G.S.  for  centimetre,  gramme,  second, 

&  „  Resistance. 

p  „  specilic  resistance. 

n  f,  1  ohm;  e.g.,  lOm  =  10  ohms. 

12  ,j  1  megohm;  e.g.,  lOfl  =  10  megohms, 

C  „  Current. 

A  „  1  ampere  ;  «.(/.,  lOA  =  10  amiwrea. 

a  „  1  milliompSre;  e.g.,  lOa  =  10  railliampdres. 

E  „  Electro-motive  force  or  E.M.F. 

T  „  1  volt;  e.g.,  lOv  =  10  volts. 

K  „  Capacity, 

cr  „  specific  inductive  capacity. 

*  „  1  farad;  e.g.,  10<t>  =  10  farads. 

^  „  I  microfarad;  e.g.,  10^  =  10  microfaradB. 

Q  „  Quantity  (coulombs). 

P  „  Power. 

W  „  Watts  or  watt-power.* 

W  „  Work  in  joules. 

H  „  Heat  in 


*  B;  adopting  the  term  "watt- power,"  there  can  be  no  doubt  wbftt  a 

watt  ateana. 
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J  for  Joule's  equivalent  =  42  x    10'  ergs,  or  work 

spent  on  '24  gm.  of  K,  0  raised  by  1°  cent. 
C  =  g  (Olun'slaw). 

ExC  =  C'R=>;  =  'VSP  (watt-power). 

ECT  =  CRT  =  ^^-=  EQ  =  W  (joules). 

EOT  _  CHT  _  E^  _  E^  __W' 
J      ~      J      ~JR"J"J 

=  W  ic  '24  =  g.d.  or  gramme  degrees. 
2      =  Electro-chemical  equivalent. 


Magnetism. 

N  for  Nortli  pole  of  a  magnet,  painted  blue. 

S  „  South      „  „         painted  red. 

m  „  magnet    strength    (of   pole)    or    quantity    of 

magnetism. 

I  „  distance  between  the  ^jolea  of  a  magnet. 

■  TnZ  „  moraent  of  a  magnet. 

■  I  „  Intensity  of  magnetisation. 
/(  „  magnetic  permeability. 
K  „  magnetic  susceptiblhty. 

H  „  Horizontal  intensity  of  terrestrial  magnetism. 

B  „  angle  of  deflection, 

r  „  radius  (mean)  of  a  coil  or  solenoid. 

n  „  number  of  anything ;  e.g.,  turns  of  wire  in  a  coil 

or  galvanometer. 
Tangent  Galvanometer  Formulie,  as  an  example  to  illustrate 
the  above : 

Current,  C     =     H  5^-  tan  0. 
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Q  for  Galvanometer  or  galv.  res. 

8  „  shunt  res.  for  galvanometer 

r  „  resistance  coila 

B  „  Battery  or  battery  res. 


.■.B  =  B  + 


Ga 

G  +  « 


+p 


Dynamo  Cireuita  ContTaciioiis. 
Eiample : 

.^    ^    k    k 


^P              "^  or  D     for 

Dynamo.                                                        ^^^^| 

T+   „ 

Terminal  positive.                                         ^^^^| 

T-   „ 

Terminal  negative.                                        ^^^H 

E.M.„ 

Electro-magnet.                                             ^^^H 

orF.M.,, 

Field  Magnet.                                                ^^^| 

ap.    „ 

candle-power  of  a  lamp.                                 ^^^| 

A.M.,, 

Ampere-meter.                                              ^^^| 

V.M.„ 

Volt-meter.                                                     ^^^| 

S.W.G.,, 

Standard  wire  gauge.                                    ^^^| 

For  vAe  in  Fw-mulix.                           ^^^H 

■Ra  Rn  B<       M 

Reaistance  of  ormatore,  magnets,  and  external 

circuit  respectively.                                        ^^ 

f^a  Cffi  Cj         ,t 

Current  in    armature,  magnets,    and    eztem^H 

circuit  respectively.                                       ^H 

I-i        II 

eoetEcient  of  self-induction.                          ^^^H 

Lp,     1) 

coefficient  of  mutual  induction.                  ^^^H 

•  See  Mauro  and  Jftmieaoo'»"'E\ucV,w:i\tQtf(.e>A»MV,"  ^.S&,                 ^H 
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In  the  above  notation  the  first  letter  of  the  most  important 
words  has  been  used  wherever  it  wao  found  practicable  to  do  so, 
and  the  recurrence  of  the  same  letter  under  similar  circumstances 
avoided  as  much  as  possible.  In  cases  where  no  ambiguity  can 
occur,  such  as  H  for  the  heat  in  jotiles,  and  H  for  the  horizontal 
intensity  of  the  terrestrial  magnetism ;  m  for  m^tre,  and  m  for 
magnetic  strength  of  pole ;  V  for  velocity,  and  v  for  volts,  it  will 
he  ohsen^ed  that  the  same  letters  appear  in  each  case. 

The  Preside>t  :  Mr.  Jamieson  has  set  us  all  a  good  example, 
and  has  proved  himself  a  man  of  his  word.  He  was  kind  enough 
to  promise  his  paper  last  season,  and  to-night  he  has  given  it. 
It  is  on  a  very  important  subject,  and  one  in  which  a  great  deal 
of  interest  at  present  is  being  taken.  There  can  be  no  doubt 
whatever  that  if  we  could  all  speak  in  the  same  language,  and 
write  in  the  same  signs,  very  great  advantages  would  he  derived 
from  the  system,  and  it  would  greatly  facilitate  and  help  the 
comprehension  of  students  iu  our  sciences.  TUe  Council  to-night 
have  been  considering  this  matter,  and  they  attach  very  inoob 
importance  to  it,  and  with  a  view  to  assisting  in  attaining  such  a 
desirable  end  they  liavc  decided  to  form  a  committee  to  inquire 
into  this  question.  We  wish  to  make  this  a  very  wide  committee, 
because  we  want  to  get  all  the  information  we  can  from  all  the 
soarces  which  are  hkely  to  prove  useful  to  us,  and  therefore  pro- 
pose at  first  throwing  it  open  not  only  to  the  members  of  this 
Society,  bat  to  professors  of  natural  philosophy  at  the  different 
colleges  who  take  an  interest  in  the  auhject,  and  who  would  be 
able  to  render  us  great  assistance  from  their  knowledge  in  scien- 
tific matters.  We  also  propose  to  invite  M.  Blavier,  the  President 
of  the  International  Society  of  Electricians,  and  also  M.  Hospitaller, 
who  is  the  Secretary  of  that  Society.  He  has  shown  so  great  an 
interest  in  this  subject,  and  has  done  us  the  favour  of  coming  here 
to-night  from  Paris  to  give  us  hia  views  and  take  part  la  our 
discussion,  that  I  am  sure  yon  will  all  give  him  a  \'ery  hearty 
reception,  and  say  we  are  very  pleased  to  see  him  ;  and  if  we  can 
get  our  committee  on  this  aide  of  the  water  to  work  with  the 
gentlemen  forming  the  committee  on  the  other  side,  we  ought 
then  to  be  able  to  come  to  some  definite  conclusions  V.'Wt  V'^  Va 
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in  the  future  simple  and  satisractory  to  all  concerned.  I  will  now 
ask  M.  Hosyiitalier  if  he  will  kindly  give  us  Iiis  remarks  on  this 
paper. 

M.  E,  HosPiTALiEB :  La  question  dont  M.  Jamieson  \i&at  t\e 
nous  entretenir  intereaae  tout  autant  les  hommes  de  science  pure 
que  les  praticiens. 

La  Commission  des  Kotatitma  Sleclriquea  nomra^e  |jar  la 
Societe  Internationale  des  Electriciens,  presidee  jtar  W.  E.  Bla\ier, 
et  all  nom  de  laquelle  j'ai  I'lionneur  de  voua  entretenir  ici  a  Utre 
de  secretaire,  s'est  aussitot  mis  a  Tcecvre  et  a  accompli  une  partie 
de  sa  fache,  celle  relative  aux  abreviations,  notations,  et  svmboles. 
EUe  abordera  bientflt  la  seconde  partie,  eelle  qui  a  trait  aui 
de&nitioD^  et  aux  conventions. 

Sans  entrer  dans  le  detail  des  decisions  prises  but  chaque 
point,  dont  vous  trouverea;  le  resume  dans  les  I'preuves  d'avanl- 
projet  que  j'ai  remises  au  bureau  de  votre  Society,  et  que  vous 
pourrez  consulter.  Je  vous  demande  la  permission  d'esquisser  la 
grande  ligues  de  cet  avant-projet, 

Dans  toutes  les  grandeurs  physiques  dont  noua  faisons  usage 
on  a  a  consid^rer : 

1.  La  grandeur  physique  elle-meme,  en  dehors  dea  unites  qui 
servent  a  la  mesurer. 

2.  L'unite  C.G.S.  qui  sert  de  mesure  a  cette  grandeur: 
nous  avous  admis  en  princijie  que  nous  adoptions  le  syst'^me 
C.G.S. 

3.  L'unite  ou  les  unites  pratiques  qui  ont,  en  general,  nn  nom 
special  pour  chaque  esp^ce  de  grandeur  et  sont  un  multiple  on  un 
Boua-multiple  d&cimal*  de  I'uiiite  C.G.S. 

4.  Enfin,  des  multiples  et  des  sous-multiples  decimaux  de  ces 
unites  pratiques,  multiples  d'un  usage  courant. 

Apr^s  discussion,  la  Commission  des  Notations  a  dt-cide 
d'adopter  toujours  une  grande  lettre,  une  majuscule,  i»our 
designer  la  grandeur  physique,  une  jietite  lettre  pour  l'unite 
C.G.S.  lorqu'elle  a  un  nom  special;  une  petite  lettre  jxmr 
rabrevialion  de    chaque  unite   pratique,   et   entio   des   prt'fixes 
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toujoitTB   lea   vUniea,   pour   lea   multiples    et    les   sous-mult iples 
decimaux  des  unites  pratiijuea. 

Ainsi,  par  esemple,  le  travail  a'indiqaeni  par  la  lettre  W 
{du  mot  anglais  tvorlc)  I'uuitt;  C.G.S.  sera  I'erg  que  nous  ecrlrons 
erg,  sans  abreviation,  le  mot  etaut  tres-court,  les  unites  pratiques 
seront  le  kilograrametre  (kgrn.),  le  gramm^tre  (gm.)  &c.  Le 
multiples  seront  le  meg-erg,  la  tonae-mdtre  (t.-m.),  &c. 

Pour  la  puissance,  nous  aiirons  la  lettre  A  (du  mot  anglais 
activity),  I'unite  C.G.S.  sera  I'erg  par  seconde  (erg  :  s. )  lea  imit^a 
pratiques  seroDtlekilogrammetre  par  secondLJ  {kgm. :  s.),le  che\'al- 
vapeur  (ch.-v,),  le  watt  ou  volt-ampere  (v.-a.),  &c. 

A  ce  Bujet,  nous  voiis  demanderona  de  vouloir  bien  supprimer 
le  mot  unit,  qui  sera  plus  facilement  compria  en  I'appelant 
hilmvalt  (k.v.a.)  la  quantite  que  I'unit  represente.  Une  macbine 
dite  de  4  uniia  sera  une  machine  de  4  kilowatts,  et  tout  le  monde 
B&ura  ce  que  eela  vent  dire,  tandia  que  le  mot  unit  n'a  pas  de  sens 
dang  le  cas  particulier. 

En  faisant  deriver  les  abreviationa  dea  definitions,  la  Com- 
mission a  cherche  a  demander  le  moins  possible  a  raemoire  et  le 
plus  possible  au  raisonnement.  Cette  methode  a  I'avantage  de 
permettre  de  cr^er  dee  mots  nouveaus,  dans  favenir,  u  meaure  que 
le  beaoin  a'en  fera  sentir  dans  la  pratique,  et  cela  presque  auto- 
mat iquement. 

On  a  vouln  aussi  ne  prendre  dans  les  abreviationa  que  dea 
caract^res  facilesa,  trouverdans  touteslesimprimeries,  ete'estpour 
cela  que  les  lettres  grecquea  out  ete  aystemat iquement  ecartt'es 
presque  ijartout, 

C'est  par  ces  caracteres  generauz  que  I'avant-projet  de  les 
Commiaaion  des  Notations  electriques  differe  si  notablement  dea 
propositiona  faites  par  M.  Jamieson.  Je  n'insiste  par  davantage, 
puisqne  voua  denez  nommer  une  Commission  chargue  d'etudier  la 
question,  et  que  vous  avoz  fait  a  la  Societe  Internationale  dea  Elec- 
tricians le  grand  honneur  d'appeler  le  president  et  le  secretaire  de 
la  Commisaion  des  Notations  electriquea,  a  venir  partager  vos 
travaux.  Nul  dont«  que  de  notre  entente  commune,  et  des  senti- 
ments de  bonne  confratemitt'  dont  noua  sommea  toua  animus,  ne 
sorte  bientot  une  cpuvft>  utile  et  feconde  dont  \a  atiVeivee  aec\.TO\ift 
ae  tardem  pax  H  recueilUr  les  fruits. 
VOL,  xir.  21 
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Professor  Forbes  :   A  very  large  subject  has  been  broacbed  1)j^| 
Mr,  Jamieson,  and  IVI.  HospLtaUer  has  succeeded  in  making  it 
even  wider.     I  tbiuk  Ibat.  we  cannot  expect  to  go  very  far  into 
the  question  tbis  evening,  because,  really,  if  we  were  to  say  ai^^ 
that  we  felt  inclined  to  say  on  the  aubject,  it  would  be  to  antict^f 
pate  the  labours  of  the  committee  which  it  is  proposed  to  appoint 
hereafter,     I  think  the  moat  one  can  do  is  to  look  over  the  pro- 
posals both  of  Mr.  Jiimieaon  and  M,  Hospitaber,  and  see  whether  in 
their  general  character  they  seem  to  commend  themselves  to  ti^H 
Now,  looking  over  Mr.  Jamieson'a  paper,  the  first  iJart  of  it  deals 
with   general  terms — with  words  which  are  in   constant  uae  as 
applying  to  electrical  subjects- — and  I  think  every  one  of  us  here 
must  have  experienced  enormous  confusion  &om  the  large  nmobe 
of  terms  which  are  used  to  mean  the  same  thing,  and  the  Inrg 
number  of  things  which  are  expressed  by  the  same  terms ;  and  ' 
am  sure  still  more  will  this  have  been  so  with  those  who  have  had 
anything  to  do  with  the  teaching  of  students,  and  those  who  havfl^j 
to  look  over  the   examination  jiapers  of  students  (and  here  T 
speak  feelingly),  who  are  painfully  aware  of  the  frightful  confusioa^ 
in  some  of  our  terminology.     All  these  confusing  terms  whidH| 
Mr.  Jamieson  has  brought  forward  certainly  deserve  some  exami- 
nation, and  I  am  sure  it  would  be  a  great  blessing  to  those  who 
write,  as  well  as  to  all  of  ua  who  discuss  electrical  questions,  if 
any  authoritative  body,  such  as  the  committee  which  it  is  pro- 
posed shall  be  appointed,  should  suggest  anything  which  would 
be  scientific  and  right;  and  I  feel  sure  that  everybody  who  had 
occasion  to  use  these  tenns  would  be  only  too  glad  to  avail  tbem- 
selves  of  those  suggestions,  and  that  a  great  deal  of  the  coDfusia^f 
arising  out  of  the  use  of  different  words  for  the  same  thing  would 
disappear.     All  that  is  required,  I  am  sure,  is  some  authoritative 
suggestion  as  to  which  term,  of  two  both  equally  permiBBible, 
should  be  adopted. 

Mr.  Jamieson  suggests  that  the  terms  "  vitreous  "  and  "  resin- 
ous "  should  be  abolished,  and  I  think  that  most  of  us  will  agree 
with  him ;  but  I  do  not  agree  with  him  in  his  reasons  why  we 
should  drop  the  terms  "  posit  ive  "  and  "  negative,"  He  saya  that 
these  terms  "  should  be  discarded  tot  t\ie  modeni  theory  of  electi 
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polarity  of  molecules  or  contmuoua  particles,  expressed  by  positive 
( + )  and  negative  ( — ).'"  1  do  not  ttink  we  should  introduce  any 
theorj'  whatever  into  our  nomenolaturf.  The  less  of  it  the  better. 
Most  of  U9  are  perfectly  agreed  as  to  the  probability  of  such 
theories,  but  the  less  reference  we  have  to  theories  the  better. 
The  terms  "  positive  "  and  "  negative  "  I  would  chouse,  because  they 
assume  no  theory.  They  contain  no  reference  of  any  sort,  no 
notion  of  any  theory  whatever ;  they  are  simply  opposite  to  each 
other. 

Then  as  to  " tension "  and  "potential"  and  "electro-raotive 
force,''  there  has  been  a  great  deal  of  confusion.  Latterly  I  have 
very  frequently— especially  in  speaking  to  popular  audiences — 
felt  it  very  satisfactory  to  use  the  word  "  pressure."  I  Jirst  used 
it  after  I  found  it  had  received  Parhamentary  sanction,  and  I 
suppose  that  really  Mr.  Moulton  is  resjionsible  for  this  term.  The 
scientific  meaning  I  attach  to  the  word  "pressure"  would  be  the 
difference  of  ^jotential  at  the  ^Mint  where  the  pressure  is  indi- 
cated ;  that  is  to  say,  that  pressure  should  only  he  used  when  you 
have  two  wires,  when  you  are  really  meaning  the  difference  of 
itentiat  between  two  contiguous  pointfl  of  conductors.  It  is 
■h  an  extremely  convenient  word  in  connection  with  electric 
ighting,  and  is  comprehensible  to  those  who  are  more  accustomed 
to  deal  with  hydraulic  i]uestions  than  with  electricity,  and  it  is 
very  desirable  to  give  it  a  scientific  definition. 

Then  we  come  to  the  question  of  magnetism,  which  has  always 
en  a  standing  doubt.  ^Ir.  Jamieson  says :  "  The  pole  which 
tarns  towards  the  geogmphical  north  is  variously  called  the 
*  austral  pole," north  pole," 'north-seeking  pole,' '  marked  pole,' 
d  is  painted  red  by  Sir  William  Thomson,  while  the  late  Sir 
eorge  Airy,  Professor  Guthrie,  and  others,  jiaint  it  blue."  But 
he  does  not  state  that  besides  being  called  the  "north  pole"  it  is 
sIbo  distinctly  called  the  "  south  pole."  Further  on  he  says  that 
Sir  William  Thomson  called  it.  the  "  true  south  pole,"  but  that 
ought  to  have  been  included  among  the  rarious  terms  which  are 
given.  Now,  Sir  William  Thomson's  argument  on  this  point  is 
that  it  will  be  most  confusing ;  you  cannot  put  it  into  the  head.  oC 
a  common  sailor — ao  uneducated  sailor — MixoX  'Can  TOag&e,\.\%va.  i^ 
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the  north  pole  is  a  south  pole,  and  that  it  is  contradictory  to  the 
sailor's  views  of  what  is  right.  My  answer  is  that  you  will  never 
get  the  A.B.  seaman  to  helieve  that  the  north  end  of  the  needle 
is  a  south  pole.  The  only  other  argument  which  Sir  William 
Thomson  has  ever  used  is  that  Gilbert  used  it — the  founder  of 
true  investigation  into  magnetism.  He  used  the  term  "  north 
pole"  for  the  magnetism  at  the  north  pole  of  the  earth.  However, 
these  are  all  questions  which  will  be  discussed  in  the  conference. 

Mr.  Jamieson  says  that  "  compass-error "  ought  to  be  used 
instead  of  "  deviation."  But  compass-error  is  not  the  deviation. 
The  com  pass- error,  as  the  author  justly  remarks,  is  the  angle 
which  the  meridian  of  the  compass-needle  makes  with  the  true 
north  and  south  magnet  hearings.  But  the  deviation  which  sailors 
speak  of  is  independent  of  the  variation  and  does  not  include  ihe 
variation.  The  deviation  is  simply  the  part  dependent  on  the 
ship's  magnetism.  I  think  that  Mr.  Jamieaon  is  a  little  in  error 
when  he  speaks  about  Sir  William  Thomson's  compass  as  having 
no  compass -error,  and  that  only  when  there  is  "  a  change  of  cargo 
or  in  the  jiosition  thereof  (if  of  steel  or  iron),  or  due  to  buffeting 
the  waves  for  some  time  on  one  course,"  will  a  slight  error  creep 
in.  Xow  in  some  of  the  ships  with  whose  compasses  I  have  had 
most  experience — the  Pacific  Steam  Navigation  Company's  ships 
— ^when  going  into  southern  latitudes,  8ir  William  Thomson's 
compass,  or  any  other,  would  he  in  error,  for  you  cannot  dis- 
tinguish by  the  ordinary  methods  between  the  permanent  mag- 
netism and  the  induced  magnetism  of  vertical  rods  of  iron, 

I  am  glad  that  i\lr.  Jamieson  has  raised  a  protest  against  the 
general  use  of  the  word  "polarisation."  Polarisation  requires  a 
much  more  defined  use  than  what  it  has  received  in  the  past.  I 
remember  a  friend  of  mine  going  into  an  electrical  factory,  want- 
ing to  do  an  experiment,  and  asking  whether  they  had  a  resist- 
ance-bos, and  the  answer  was  (merely  going  on  the  notion  that 
if  anything  is  wrong  with  a  battery  it  is  polarised)  that  they  had 
a  set  of  resistance-boxes,  but  that  they  were  polarised ! 

I  will  not  attempt  to  go  into  the  various  letters  which  have 

been  proposed  by  Mr.  Jamieaon.     I  think,  on  the  whole,  they  a/e 

extremely  suitable,  and  a  very  gooi  ^Q\m4ai.\(yn  ^«  t\ie  committee 
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to  work  upon.  At  the  same  time  I  'luite  ngree  wi'tb  M.  Hoapi- 
talier's  criticism.  I  thiok  there  ia  a  little  incou8i9teiii;y.  I  think 
in  the  worda  M.  Hospitaller  addressed  to  us  every  one  must  have 
been  pleased  with  the  attenipta  to  gain  consistency  nf  nomencla- 
ture which  the  French  Committee  have  made,  and  this,  I  think,  is 
a  very  important  thing  indeed.  There  is  one  thing  that  in  this 
large  system  one  ia  struck  with,  and  that  is  the  enormous  demand 
for  alphabets;  and  I  think  it  is  perfectly  wonderful  what  Mr. 
Jamieson  has  done  with  a  limited  number  of  alphabets ;  and  when 
we  think  of  the  number  of  ways  in  which  every  unit  is  to  be  ex- 
pressed which  M.  Hospitaller  wrote  on  the  board,  ^^z.,  physical, 
theoretical,  ubsohite,  and  practical — four  diflferent  systems  in  which 
different  terminals  are  used  for  each  one — we  shall  soon  use  up 
the  whole  of  the  letters  of  the  alphabet.  For  the  C.G,S.  units  we 
have  got  words.  We  want  s^Tnbola  for  tliem.  For  a  great  deal  of 
electrical  work  we  can  arrive  at  one  result  in  C.G.S.  units  most 
eafiily,  and  then  convert  them  into  practical  units — volts,  amperes, 
Ac.  I  quite  agree  with  JL  Hoapitalier  that  it  is  better  not  to  use 
K  for  "  capacity."  I  think  I  should  almost  be  inclined  to  give 
them  the  I  for  "current."  The  Germans  use  the  I  (and,  by  the 
bye,  that  is  a  point :  we  should  try  to  get  German  co-operation  in 
this  matter  as  well  as  English  and  French),  and  K,  aa  M,  Hospi- 
taller has  justly  remarked,  stands  much  more  appropriately  for 
"  constant  "  than  for  anj-thing  else ;  at  least  we  have  always  been 
in  the  habit  of  using  it  so.  I  also  agree  with  M.  Hospitaller 
in  disapproving  of  using  the  word  "unit"  in  the  way  the  £oard 
of  Trade  use  it — to  mean  simply  a  thonennd  watts  for  one 
hour.  Still  more  do  I  dislike  the  way  in  which  we  find  Mr. 
Crompton  making  dynamos — of  so  many  units.  If  a  dynamo  of 
six  nnlts  is  capable  of  only  giving  six  unit*,  it  is  a  very  ahort- 
Ilved  dynamo;  its  life  is  only  one  hour.  (If  course  we  all  know 
what  he  means.  But  I  think  "  six  thonsand  watts  "  would  be  better 
than  introducing  the  Board  of  Trade  terra,  which  is  a  doubtful 
thing.  I  am  sure  that  every  one  of  us  will  feel  that  we  owe  a 
great  deal  to  the  French  Committee  for  the  remarkable  concession 
which  they  have  made  to  us  after  the  long  time  we  have  striven 
to  get   the  poor  W  into  circulation.      1   am   \eT^   ^wt-j   NTaw.'s. 
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M.  Ilospitalier  (most  justly,  I  must  allow)  objects  to  the  two  sym- 
bols H"  and  W.  They  would  be  very  convenient.  Mr.  JamiesDH 
has  said  that,  we  should  not  have  confusion  of  terms  amongst  sucb 
men  as  Mr.  I'reeee  and  Professor  Adams.  Well,  if  such  a  symbol  as 
this  were  used  for  horse-power,  H*,  and  watt-power,  W,  perhaps  I 
might  suggest  that  this  one  might  be  further  developed  to  prevent 
still  more  confusion,  combining  the  two  in  this  way,  \W,  for 
watt-horse-power,  as  being  the  initial  letters  of  one  o£  those 
gentlemen's  names.     (Laughter.) 

Mr.  J.  JIcSRO :  With  regard  to  the  proposed  abbreviations,  I 
think  there  ought  to  be  some  rule  by  which  we  could  know  them, 
without  having  to  leara  them  like  a  code  of  signals.  If  the  first 
letter  of  the  principal  syllables  were  taken  to  make  a  contraction 
for  the  word  it  might  be  on  ad  vantage.  Then  there  is  the  question 
of  grajihic  symbols,  which  has  not  been  touched  upon  to-night  at 
all.  We  require  certain  graphic  symbols  in  drawings,  and  I 
hardly  think  there  are  sufficient  of  them  now.  Up  to  the 
present  those  we  have  had  were  in  general  sufficient  for  tele- 
graph-engineers, but  1  think  a  few  more  are  wanted — not  vcrv 
many— for  dynamos  and  secondary  batteries,  for  instance,  and  to 
distinguish  arc  from  Lncandeacent  electric  lamps.  We  might  also 
add  one  or  two  for  telephonic  instruments.  These  graphic 
symbols  can  be  recognised  at  a  glance,  and  do  not  require  any 
letters,  so  that  an  engineer,  in  drawing  a  sketch  of  an  installa- 
tion for  his  assistjtnt,  can  do  it  without  requiring  to  write 
explanations  on  the  drawing.  Moreover,  if  they  were  adopted 
universally  by  writers,  an  electrician  who  did  not  know  n  foreign 
language  could  trace  out  the  connections  of  an  installation  firom 
the  plan.  1  think  the  use  of  these  graphic  symbols  might  well 
come  under  the  consideration  of  the  committee. 

Professor  Ayrtos  :  The  importance  of  the  subject  has  been 
so  fully  entered  into  by  the  author  of  the  papej,  and  by 
M.  Hospitaller  and  Professor  Forbes,  that  it  is  not  necessary  for 
me  to  dwell  at  all  on  that  i>oint.  I  quite  agree  with  Professor 
Forbes  that  it  ia  imdeBh-abie  that  the  names  should  in  any  way 
suggest  certain  theories,  because,  if  a  theory  is  found  to  be 
wrong,  then  it  would  be  a  sort  oi  tea«iTi,lc)x  t^Qsa^^  t\ia  iiame. 
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^Bt  is  imdesintble  to  adduce  any  kiad  of  theory  in  assigning  a 

^Hume,  and  especially  to  adduce  a  WTOUg  theory.     Under  4,  on 

^H^ge  2  of  the  slip,  Mr.  Jamieson  has  said :  "  The  term  '  accumu- 

^^ator'  is  the  name  given  in  several  text-books  to  apparatus,  such 

as    the    Leyden  jar   or   condenser,    for   receiving   and   retaining 

qnantities   of   electricity,   but   has  been   lately   inappropriately 

applied    to    secondary    batteries,    which    do    not     accumulate 

electricity."     1  quite  agree  with  the  last  part  of  the  sentence — 

"  wliich  do  not  accumulate  electricity,"  but  I  presume  from  the 

context  that  Mr.  Jamieson  would  say  that  a   Leyden  jar  does 

accumulate    electricity.      Of    course  that   is   utterly   WTong   in 

princi]>le.     There  is  absolutely  no  difference  esteraally  in   the 

action  of  the  Leyden  jar  and  a  secondary  batter^',  wliich  can  be 

shown  in  a  moment,  and  therefore  if  the  term  "accumulator"  is 

applicable  to  one  it  is  applicable  to  the  other. 

L 

^H  Let  A  B,  Kig.  1,  be  the  terminals  of  a  box  of  such  a  nature 
that,  when  the  terminals  of  a  generator  of  electric  current,  C,  are 
attached  to  A  and  B,  and  two  galvanometers,  G  and  G',  are  put 
in  circuit,  it  is  found  that  G  and  G'  indicate  always  the  same 
current,  the  one  as  the  other,  but  a  current  that  grows  less  with 
time.  Further,  let  the  bos  and  its  interior  be  of  such  a  natui'e 
that  when  the  generator,  C,  is  removed,  and  the  wires  joined 
together  through  a  suitable  resistance,  H,  the  cmrents  Bowing 
through  G  and  G'  are  equal  in  strength  but  opposite  in  direction 
to  the  preriouB  charging  currents,  and  diminish  in  strength  with 
time.  Then  how  is  it  possible  to  decide  whether  the  bos  contains 
a  secondarj-  battery  of  small  storage  capacity  or  a  Leyden  jar 
with  a  very  large  capacity  ?  Both  in  charging  and  in  discharging 
as  much  electricity  passes  out  as  passes  into  the  bos,  and  tins  is 
exactly  what  would  happen  whether  the  box  contained  a  secondary 
hattery  or  a  Leyden  jar.     In  neithev  a  secoiidaTTj  baUet'*)  "wn  w.  o- 


Fio.  2. 


S:.'!) 


ELECTHIOAL  BEFINITIONS,  Etc. 


[May  14th, 


i: 


Leydenjar  is  there  the  slighte-st  storage  of  dectricit;/,  and  in  hot 
there  ie  a  aimj^  aiorarje  of  electric  ener<jy,  KciOier  ia  aa  acua- 
mulator  of  deciricity ;  both  are  accumulators  of  electri 
(■•i^'jy. 

I  regret  that  I  cauuot  agree  with  Mr.  Jsmiesoii  in  wishing  to 
(;oufine  the  word  "  potential "  to  electrostatic  actions,  and  to 
"electro-motive  force"  for  "  electrokinematic."     Ttie  fact  is  tb 
ivord"iiotentiar'or  "  difference  of  potential  "  cannot  be  discarded:] 
it  contains  a  totally  different  idea  from  electro-motive  force,     Fi 
example,  you  speak  of  the  electro-motive  force  of  a  battery 
dynamo   machine,  and  you  speak  of  the  difference  of  potentia 
between  the  tonninals  of  a  battery  or  of  the  dynamo  macbia 
which  latter  is  what  a  voltmeter  meaanres,  and  you  have  a  perfectl 
clear  conception  of  the  difference  between  the  two.     You  m 
Jieep  the    idea  of   difference   of  potentials  between  two   poin 
of  the   circuit    through    which  a   current  is   jiafijiing.       If  yottj 
like   to   adopt  some  word  as  an  abhrevitition  of  "difference 
potential," — if  you    choose   to   seek    some    abbreviation, — ve; 
good;  but  you  certainly  cannot  discard  the  idea  of  difference  oi 
potential  between  two  points  of  a  circuit  in  electrokinematics. 

I  would  suggest  that "  difference  of  jiotentials  "  should  besbort-, 
ened  into  "potential  difference,"  and  that  thia  should  be  simply 
indicated  by  I'.D.,  just  as  "electro-motive  force"  is  represented  nowi 
very  fi-equently  by  E.M,F. 

With  reference  to  painting  the  ends  of  a  magnet,  except  fi 
decorative  purposes,  I  must  agree  with  M.  Ilospitaher.    I  do  not  seft' 
wliat  can  be  gained  by  the  plan,  and  I  certainly  never  did  know, 
whether   the  red   end   pointed  to   the   north  or  to   the   south. 
No    doubt   there   is   a  certain   difficulty   with   students.     Like 
Professor  Forbes,  when  I  was  a  student  of  Wir  William  Thomson's 
I  was  taught  to  call  the  jiole  that  points  to  the  north  the  "  true 
south  ■'  pole,  and  not  the  "  north  "  pole,  and  for  a  long  while  afterj 
leaving  Glasgow  I  did  call  it  a  "true  south  "  pole,  and  I  did  no' 
like  to  call  it  the  "north"  pole,  although  tempted  to  do  so.     Then, 
still  with  the  fear  of  Sir  William  Thomson  in  my  eyes,  I  called  i 
the  "  marked  "  pole,  because  in  France,  as  in  England,  that  end 
a  nmgnet  has  freijuently  a  mark  fvi^  "u  M,    1\ibw.\  ^'a\.  i'sl-a 
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habit  of  calling  it  the  "  north-seeking  "  pole.     Xow  I  am  afraid  I 
often  call  it  the  "  north  "  pole ! 

I  miist  confeHB  I  do  not  follow  ilr.  Jamieson  in  his  idea  that 
the  improvement  Sir  William  Thomson  has  effected  in  his  com- 
pass does  away  with  the  names  we  shall  give  to  the  errors  of  the 
compass.  I  know  that  his  compass  is  very  much  better  than 
others,  but  I  do  not  see  that  because  it  has  overcome  certain  errors 
it  has  done  away  with  the  necessity  of  names  for  those  errors, 
^Ir.  Crompton  has  done  a  good  deal  to  overcome  the  sparking  of 
dynamo  machines,  but  I  do  not  see  how  that  decides  whether  we 
shall  call  the  fault  in  other  dynamos  "sparking''  or  "flashing" 
at  the  commutator.  Words  must  still  exist  to  espreas  the  various 
errors  of  the  compass,  otherwise  we  ciinnot  refer  to  the  improve- 
menta  that  have  been  effected. 

Then,  again,  the  espression  "Bhuni  circuit"  would  hardly 
express  all  cases.  For  example,  you  can  join  up  cells  in  parallel 
or  in  series;  and  I  do  not  think  you  could  conveniently  say, 
when  you  had  cells  joined  up  in  parallel,  that  they  were  joined  up 
in  "  shunt  circuit."  I  think  you  must  keep  to  "  in  parallel."  It 
is  a  good  eipression,  and  conveys  a  very  great  deal  of  meaning. 

Now  with  regard  to  the  name  for  a.  dynamo-electric  machine. 
The  word  "  dynamo,"  dropping  the  rest  of  the  name,  was  first,  I 
believe,  suggested  by  Sir  William  Thomson;  and  the  word  "motor," 
to  stand  for  a  machine  that  converts  eleclrio  into  mechanical 
energy,  my  colleague  and  myself  are,  I  believe,  responsible  for. 
It  appears  to  me  that  they  are  very  expressive,  and  I  cannot 
imagine  that  anything  M'ould  be  gained  by  discarding  them. 
There  is  no  fear  of  confusing  the  name  "motor"  with  that  for  a 
Hteam-engine.  I  would  rather  suggest  that  the  three  terms, 
"engine,"  "dynamo,"  and  "motor,"  should  lie  more  generally 
adopted  for  the  machines  respectively  for  converting  heat  energy 
into  mechanical  energy,  mechanical  energy  into  electric  energy, 
and  electric  energy  into  mechanical  energy. 

Regarding  abbreiiated  symbols  as  distinct  from  abbreviated 
names,  there  is  a  system  of  symbols  that  I  have  used  in  my 
lectures  for  several  years,  and  found  most  convenient ;  and  that  is, 
to  use  csjiita)  tetters  for  ciirreDts  and  smaU  \eUi'T5  tox  TesiAamce.'i. 
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At  the  end  of  a  long  investigation,  or,  indeed,  at  any  step  dnring 
that  investigation,  it  is  often  extremely  convenient  to  be  able  to 
Bee  at  a  glance  how  the  carrents  and  how  the  resistances  enl«r. 
In  starting,  for  example,  with  some  calculation  about  a  shunt 
dynamo,  I  would  call  A,  F,  and  R  the  currents  in  the  armatore, 
field  magnets,  and  outside  resistance,  and  a,  /,  and  r  the  redst- 
anceti  of  these  three  parts  respectively  ;  so  that  the  fundamental 
eijULitiona,   if  E   was   the   electro-motive  force   of  the  machine, 

would  be 

Aa  +  F/=E; 
Y/  =  Rr. 

I  do  not  ace  why  we  should,  with  all  due  deference  to  the 
opinion  expressed  by  Mr.  Jamieson,  add  the  word  "power"  to 
"watt,"  any  more  than  we  add  the  word  "time"  to  "hours." 
When  you  speak  of  coining  in  "  throe  hours,"  you  do  not  always 
say  "  three  hours'  time."  To  talk  of  a  "  horse-ijower "  and  a 
"  watt-power  "  makes  it  ai)j)ear  as  if  a  watt  was  a  kind  of  pony. 

There  is  one  other  point  that  I  ivill  allude  to,  and  that,  refers 
to  the  contractions  that  have  been  described  by  M.  Hospilalier. 
Inetead  of  using  the  expressions  he  has  suggested,  I  would  like  to 
ask  whether  10  with  a  6  over  it  is  not  the  very  best  contraction 
for  a  million  ?  It  has,  at  any  rate,  this  advantage,  t.hat  it  is 
already  imivevsally  adopted,  and  I  much  doul.it  a  belter  contrao 
tion  being  suggested. 

Mr.  Biuas :  I  should  like  to  say  one  word  to  show  the 
difference  of  opinion  between  a  good  manj'  people  on  this  subject. 
I  object  to  what  Professor  Forbes  said  as  to  using  I  for  "  current " 
and  K  for  "  capacity."  I  should  prefer  to  use  C  for  "current"  and  C[i 
for  "  capacity  " — a  ayatem  first  introduced  into  electrical  notation 
by  Kempe  in  hie  text -book.  I  think  this  is  following  the  plan  that 
is  adopted  by  chemists  using  initial  letters  as  the  symbol  for  the 
imi>ortant  element,  and  initial  and  a  small  letter  for  the  symbol 
of  the  element  of  less  impoitanee.  You  have  "  current,"  which  is 
more  important,  and  "capacity,"  which  is  less  importaoitt  use 
C  for  "  current,"  Cp  for  "capacity."  That  would  do  away  witli 
K  altogether. 

Dr.  FLEytiya  :  A  few  years  ago  tW^e  aTOae*.&.?KvMavi"a  in  the 
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^^ftges  of  the  Electricianon  the  use  of  the  word  "  potential,"  ami  after 
numerous  letters  had  been  written  on  the  subject  the  late  Pro- 

■■fessor  Clerk  Alaxweil  wrote  a  verj  characteristic  letter,  in  the 
Opening  sentence  of  vfhich  he  said :  "  There  is  no  more  satiafactory 
evidence  of  the  progress  of  .1  science  than  when  its  cultivators, 
having  settled  all  their  differences  about  the  connection  of  the 
phenomena,  proceed  to  reconstruct  its  definitions.  Even  in  the 
most  mature  sciences,  such  as  geometry  and  dynamics,  the  study 
of  definitions  still  leads  original  thinkers  into  new  regions  of  in- 
vestigation ;  and  in  a  science  like  that  of  electricity,  the  growth 
of  which  has  proceeded  from  so  many  different  centres,  it  is  only 
to  be  expected  that  when  the  different  departments  have  grown 
till  they  meet,  their  definitions  will  need  some  adjustment  in  order 
to  mnke  then  consistent  with  each  other."  If  the  writer  of  these 
words  could  have  been  here  to-night,  I  am  sure  he  would  have 
taken  part  in  the  discussion  with  very  great  interest,  on  account 
of  the  great  importance  he  attached  to  exact  definitions.  In  the 
abo'e  letter  he  attacked  the  vague  use  of  certain  words,  such  as 
"electric  tension,"  used  in  an  inexact  way  to  express  the 
tendency  of  electricity  to  escape  from  a  body  without  any  very 
clear  notion  of  where  it  wanted  to  go.  Professor  Slaxwell  was  a 
great  opponent  of  terms  which  involved  any  hyijothesis.  He  pre- 
ferred to  speak  of  the  "quantity  of  a  body's  electrification" 
rather  than  of  the  "  ijuantity  of  electricity  in  it,"  as  involving 
less  hypothesis  ;  and,  in  particular,  he  used  to  observe  that  the 

^^Be  of  the  woi'd  "  polarisation  "  by  many  writers  required  exami- 

^Tation  in  order  to  see  if  they  knew  what  they  meant  by  it.  It 
would  take  up  too  much  of  your  time,  at  the  present  late  hour,  to 
go  into  t.he  details  of  Professor  Jamieson's  valuable  paper.  In 
feet,  we  should  be  beginning  the  work  which  will  occupy  the 
attention  of  the  committee.  I  would  venture,  however,  to  make 
one  suggestion,  and  that  is,  that  in  the  codification  of  symbols  of 
quantities  attention  should  be  paid  to  the  symbols  adopted  in 
Clerk  Meixwell's  great  treatise,  which  must  always  be  regarded  as 
the  priiicipia  of  elecUucity.  These  symbols  were  selected  by  him 
with  great  care  and  judgment,  and   their  uniform  use  in  formulm 

^bould  be  a  great  advantage.     One  thing  1  do  lio^e  'siiVXitt  at'OCvsA 
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is  the   nomenclature   of  the   plates  und  jioles   of  primary   ani 
secondary  batteries,  on  which  there  is  at  present  very  great  con- 
fusion, and  which  it  is  exceedingly  desirable  should  be  cleared  np. 

Mr.  J.  Brailsfoud  BraaaT :  I  cannot  see  why  in  some  cases 
the  letters  should  not  be  simply  inverted,  and  thus  avoid  the 
necessity  of  borrowing  Irom  the  Greek  or  other  alphabets.  Thus, 
for  instance,  the  distinction  between  the  symbol  used  for  "  current " 
and  that  for"capacity"  might  be  very  well  obtained  by  choosiagthe 
C  in  one  case  and  inverting  it  in  the  other,  I  do  not  see  an; 
difficulty  in  such  a  plan,  which  might  be  rendered  both  simple  ffl 
the  printer  and  free  from  incoiiaistencies. 

Mr.  Sqoolbred  :  It  seems  hardly  necessary  to  point  out  tb 
value  of  Mr.  Jamieson's  communication,  as  it  leads  up  to  the 
correction  of  a  want  which  has  made  itself  felt  so  often  to  us  a! 
I  myself  had  occasion,  in  a  i>aper  "  On  the  Measurement 
Electricity,"  communicated  to  the  Society  two  years  ago,  to  d 
with  the  practical  units,  and  also  the  C.G-.S.  units,  that  have 
been  referred  to  this  evening.  I  then  experienced  how  moi 
confusion  there  existed  in  the  minds  of  many,  not  merely  as  to 
those  units,  but  also  in  respect  to  other  electric  terms  and 
expressions.  We  owe  a  debt  of  gratitude  to  Mr.  Jamieson,  and 
also  to  the  committee  now  proposed  by  the  Council,  whose  valua' 
labours  will  be  directed  towards  the  settlement  of  these  questio; 
To  the  long  list  of  terms  requiring  clearer  dehnition  many  oth 
might  be  added.  "  Bobbin  "  I  would  suggest,  since  it  is  made 
apply  by  different  makers  to  quite  different  parts  of  a  dynamo;  a: 
considenible  confusion  arises  therefrom.  In  telephones  imcertain' 
arises  from  the  convertibility  of  the  terms  "transmitter"  and 
"  receiver." 

With  regard  to  M.  Hospitaller's  objection  to  the  Board 
Trade  unit,  as  it  is  termed,  of  "  1,000  volt-amperes,"  on  account 
■of  its  largeness,  and  in  which  objection  Professor  George  Forbes 
coincides,  I  fail  to  see  the  inconvenience,  especially  if  the  word 
"kilowatt "  be  substituted,  as  was  suggested  some  time  back 
Mr.  Preece.  It  is  not  the  ultimate  unit  of  electrical  measureme 
which  it  is  intended  to  provide  by  it,  but  a  convenient  comraerdi 
(jaaatity  to  reckon  by.    No  objecticra  o'ci  iVe  sco^t  o'i  msL^g^itude 
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made  agidnst  one  ton  being  the  basis  of  quantity  in  the  sale  of  coal, 
nor  to  many  other  quantities  which  may  be  termed  units  of  measure- 
ment, each  in  its  particular  Hne,  Indeed,  some  of  the  electric 
"  practical "  units  are  tbeuiaelvea  oLjen  to  objection  on  the  score 
of  magnitude— take  the  "  farad." 
I^p  Sir  William  Thomson,  in  his  lecture  before  the  Institution 
■  of  Civil  Engineers,  May  3rcl,  1883,  "On  Electrical  Units  of 
i\Ieasurement,"  sjioke  of  lu'3  French  tons  being  the  universal- 
gravitation  unit  of  matter.  Surely  a  "  kilowatt "  would  be  a 
email  matter  after  the  above. 

It  is  gratifying  to  find,  from  the  draft  report  of  the  French 
Committee  of  the  International  Society  of  Electricians,  how 
much  has  already  been  done  by  them  towards  remedying  the 
evils  pointed  out  by  Mr.  Jamieson.  It  is  therefore  to  ho  hoped 
that  the  joint  labours  of  that  committee,  and  of  the  one  about 
to  be  appointed  by  this  Society,  will  diminish  the  confusion  in 
electrical  nomenclature  which  certainly  exists. 

Mr.  H.  E.  Harrison  :  I  must  really  raise  a  protest  against  the 
bos  Professor  Ayrton  drew  on  the  black  board.  If  1  followed  him 
correctly,  he  staled  that  if  he  had  a  condenser,  used  in  the  Lcyden 
jar  sense,  or  a  secondary  battery,  placed  in  his  box,  he  could  not 
distinguish  the  difference  between  the  two,  because  they  are  both 
capable  of  producing  the  same  external  effects,  and  that  therefore 
any  distinctive  name  or  symbol  applied  to  either  of  them  would 
involve  theoretical  considerations  which  would  he  entirely  foreign 
to  the  spirit  in  which  the  whole  subject  should  be  approached. 
Now  I  venture  to  express  the  opinion  that  if  I  were  to  give 
Professor  Ayrton  a  condenser,  or  a  secondary  cell,  shut  up  in  a 
box,  he  would  be  able  to  tell  me  which  it  contained  without 
looking  inside.  Assuming,  however,  for  the  sake  of  argument, 
that  he  could  not,  then,  on  the  same  principle,  he  ought  not  to 
distinguish  between  dynamo  machines,  thermopiles,  batteries,  or 
any  arrangement  producing  a  current,  because,  put  any  one  of 
them  into  a  box  where  you  cannot  see  it,  and  it  becomes  simply  a 
source  of  current.  The  system  adopted  by  Professor  Ayrton  of 
using  a  capital  letter  for  a  current,  and  the  corresponding  small 
letter  for  the  resistance  through  which  it  &o"«a,w  oiie\i\\v^\ 
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have  myself  frequently  adopted  in  ray  classes ;   but  I  find  tliia 
objection  to   it,  and  doubtless   be  has  found   it  too,  tbat  tie 

alphabet  becomes  eshausted  too  Boon,  and  tbere  la  nothing  left 
with  which  to  express  any  other  quantities.     The  use  of  suffixe^^ 
undoubtedly  has  the  objections  Dr.  Fleming  lias  pointed  out,  ba^| 
I  think  of  the  two  it  is  the  lesser  evil     Writing  on  ruled  paper, 
it  19  very  easy  to  put  the  suffixes  just  below  the  line;  and  as 
difficulties  with  the  printer,  you  have  only  to  worry  him  enoug 
to  get  them  right.     The  advantages  of  being  able  by  means 
suffixes  to  multiply  the  alphabet  to  any  extent,  seems  to  me ' 
far  more  than  compensate  for  the  few  di  sad  ^' ant  ages  the  notatia 
may  possess. 

Professor  Ayrtos  :  Mr.  Harrison  has  misunderstood  me, 
did  not  say  that  you  should  not  have  distinct  names  to  dietinguia 
a  secondary  battery  from  a  Leyden  jar ;    but.  what  I  did  say 
that  you  ought  not  to  take  a  name  that  expri'sses  a  property 
common  to  the  two,  and  apply  that  name  to  one  of  them,  ani^H 
say  it  will  not  apply  to  the  other,  or  rather — what  is  still  worse- 
take  a  name  that  expresses  no  property  common  to  either, . 
say  that  the  name  is  proper  for  the  one  and  not  for  the  other. 
is  quite  right  to  say  that  both  a  secondary  battery  and  a  Leyde 
jar  are  "accumulators,"  if  you  mean   accumulators  of  electric 
energy  ;  but  it  is  equally  wrong  to  call  either  of  them  accumulators, 
if  yon  mean  accumulators  of  electricity. 

Mr.  Swinburne  :  It  might  bo  adrisable  for  the  committer  not 
only  to  discuss  mere  questions  of  notation  and  temiinnlogy,  but 
also  to  settle  definitely  what  some  of  the  units  shall  be,     I  have 
lately"  called  atteution  to  the  dreadful  confusion  we  are  gettii 
into  through  having  three  setsof  ohms  and  volts  in  use.  \^'hethfl 
the  committee  is  to  deal  with  such  questions  or  not,  I  would  re^ 
Bpectfully  suggest  that  the  Council  does  not  appear  to  be  fonniug 
a  representative  committee,  which  is  the  only  committee  whose 
recommendations  could  ultimately  have  much  weight.     A  com^H 
mittee  which  discusses  questions  chiefly  concerning  telegraph  an^^ 
electric  light  engineers  should  consist  chiefly  of  telegraph  anti 
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electric  light  engineers.  But  the  intention  seems  to  be  to  form 
it  mainly  of  the  various  professora  of  physical  science  at  different 
colleges,  Xo  doubt  they  may  have  very  clear  views  on  these 
points,  but  they  are  not  really  much  concenied  with  them,  and 
electrical  engineers  may  have  qiiit-e  as  clear  views  on  the  scientific 
^des  of  the  questions.  It  is  probably  chiefly  because  the  Paris 
Congress  was  not  representative  that  the  latest  ohm  has  been 
adopted  just  enough  to  create  confusion,  and  no  more.  To 
introduce  the  ampere  in  1881  was  easy;  but  to  attempt  to  change 
the  ohm  and  volt  now  is  quite  another  thing.  Perhaps  if  the 
Congress  had  been  more  largely  made  u]i  of  those  commercially 
Engaged  in  electrical  work  the  confusion  of  ohms  would  not  have 
been  caused,  and  the  Congress  would  not  have  weakened  its  in^ 
fluence  by  bringing  forward  such  a  standard  of  light  in  the  face 
of  such  a  large  industry  as  gas  lighting.  Mechanical  engineers 
have  great  respect  for  such  men  as,  say,  for  the  sake  of  alliteration, 
Reulaux  and  Roulh  ;  but  a  committee  or  congress  of  such  men 
would  have  very  littlu  weight  if  it  tried  to  introduce  a  decimal 
system  of  measurement,  or  to  alter  the  wire  gauges  or  standard 
threads. 

Many  electricians  soem  either  to  have  very  loose  ideas  as  to 
the  meaning  of  the  term  "  current,"  or  to  use  the  word  \ery 
carelessly.  It  is  probably  due  to  this  that  so  many  have  come  to 
confuse  power  and  energy  so  curi.ous]y.  The  fluid  analogy  is 
umversally  adopted  now,  and  we  may  compare  electricity  in  motion 
to  water,  except,  of  course,  in  discussing  such  questions  as  capacity, 
when,  as  I  have  already  pointed  out,*  a  compressible  fluid  must  be 
used.  Adopting  the  analogy  we  must  say  that  electricity  flows, 
and  current  is  the  rate  at  which  it  flows.  But  from  the  expressions 
commonly  used  it  would  appear  that  many  t'onfuse  "  current " 
with  "electricity,"  and  think  it  is  something  that  passes,  and  talk 
of  "  passing  a  quantity  of  current,"  and  so  on  ;  whereas  it  is  not 
even  strictly  correct  to  talk  of  "'  passing  a  current "  at  all,  for  it 
is  the  electricity  that  passes,  and  the  "current"  is  the  rate  of 
flow.     Xo  one  talks  of   '*  passing  a  power-strength  of  60  watts 
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throagh  "  a  lamp ;  and  such  expressions  as  "  cmreut  Btrength," 
"i/nieneiU  Ue  courant,"  &c.,  are  aboat  as  apt  as  "intensity  of 
income  tax." 

^Ir.  WalmsuEy  :  I  do  not  rise  to-night  on  my  own  behalf,  but 
for  Professor  Silvanus  Thompaon,  who,  being  unable  to  come  him- 
self, entrusted  me  with  a  communication  to  the  Secretary.  On 
presenting  it  I  was  informed  that  the  contents  ought  to  be  read 
by  a  member  of  the  Society,  and  therefore,  witli  your  permission, 
I  will  read  what  Dr.  Thompson  asked  me  to  band  to  the 
Secretary : — 

As  the  author  of  the  paper  has  mentioned  me  by  name  under 
some  miaapprehension,  I  think,  of  the  matter  to  which  he  refer*, 
I  beg  leave  to  offer  the  following  comments.  Mr.  Jamieson 
seems  to  tliink  that  because  I  have,  both  in  my  "  Elementary 
Lessons  in  Electricity"  and  in  my  later  work  on  dynamo-electric 
machinery,  used  the  symbol  I  for  expressing  the  strength  of  the 
current  instead  of  the  letter  S,  or  the  letter  C,  or  the  letter  A — 
any  one  of  which  might  be  juatified  by  authority — that  therefore 
I  propose  "  to  borrow  the  French  term,  hilensiU  de  courant, 
wholesale,  instead  of  a  translation  thereof."  I  do  uot  propose  to 
borrow  the  obsolete  term,  even  though  the  translation  thereof — 
"  intensity  of  current  "—does  happen  to  begin  with  an  i.  I  have 
used,  and  intend  to  continue  to  use,  the  letter  i  for  number 
of  amperes  of  current,  because  I  find  that  it  gives  rise  to  fewer 
ambiguities  in  notation  than  either  of  the  letters  C,  for  current, 
and  A,  for  amperes,  and  is  already  more  extensively  in  use  for 
that  purjiose  than  either  C  or  A.  I  do  not,  by  the  way,  under- 
stand  why,  if  Mr.  Juraieson  has  already  placed  A  for  amperes  in 
hifl  list,  he  needs  also  to  write  C  for  current.  Does  he  intend  to 
use  some  other  unit  of  current  than  the  amp&re?  If  not,  why 
use  C  for  current  as  well  as  A  for  amperes  ? 

As  I  believe  great  gain  will  accrue  to  all  electricians  by  a 
consensus  as  to  the  notation  best  for  universal  use,  and  as  it  is 
very  inadvisable  tiiat  any  narrow  insularity  should  prevent  us 
from  agreeing  with  our  Continental  brethren  on  so  simple  a 
matter,  I  am  the  more  desirous  of  explaining  why  I  propose  and 
intend  to  continue  to  use  i  mthei  ftia,u  C  ot  K.\ot  fc^,\«'WRMs^  the 
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naraber  of  amperes  of  cuiTent.  The  letter  C  has  already  to  do 
duty  ill  our  formulie  as  a  symbol  for  any  arbilrarv  coQEtant— 
such  as  constants  of  integration — and  it  also  is  used  for  capacity. 
Il  is  most  unwise  to  use  tlie  t^anie  symbol  for  capacity  and 
for  current.  Mr.  Jnmieson  proposes  K  for  cajiafity,  but  K  is 
already  univei-sally  adopted  for  the  coefficient  of  specific  cai»acity 
(or  (Uelectric  constant).  It  may,  too,  be-  remarked  that  o-,  which 
Mr.  Jiiiuie^'on  gives  as  a  substitute  for  fi|}ecific  induetive  capacity, 
is  already  used  for  surface-density  of  charge.  As  we  cannot  use 
K  both  for  the  whole  caiiacity  of  a  condenser  and  for  the  specific 
capacity  of  the  dielectric  in  it,  it  is  better  to  retain  K  in  its 
present  u-ie,  keeping  C  for  the  capacity  of  the  condenser,  for 
wbicli  it  is  doubly  appropriate. 

In  illustrntion  of  the  widely  extended  use  of  i  as  a  symbol  for 
current-strength,  and  in  illustrating  also  the  curious  differences 
of  practice  which  exist  amongst  electrical  writers,  I  here  give  all 
(he  \'arious  ways  used  for  expressing  Ohm's  law  so  far  as  I  have 
been  able  to  tiud  them.  I  begin  the  list  with  the  great  dis- 
coverer of  that  famous  law. 


Symbols  AiM)PTF,t>  hv  vakious  AoTHOBITI^s  to  express 
Ohm's  Law. 


Ohm 
ThomBon 
Wheats!  one 
Wiedemann 

n 
Jenkin     ... 
Maecart  ... 


A  ("Die  Galvanische  Kette," 
L  p.  36.) 

_  F  ("Math,  and  Phys.  Papers," 
'^       k  p.  4!i7.) 


F  = 


g     ("Memoirs,"  p.  99.) 


1  =  i,-,— . —  and 

W  +  w 


1  = 


E 
li  +  W 

C  =  ^    ("Electricity,"  p.  82.) 

J^^  ^  V.-V.("Traiti:d'Electricit^Sta- 
\  ti(iue,"Vol.ir.,p.451.) 


M  = 


K 


~  (;/..,v.oo\.) 


«S0  ELECTBIOAI.  BEFINITIOIIS,  Etc.  [Xay  im 

Mascart  &  Joubert       ...      I  =  |    ("Lefons,"  p.  271.) 
...      1=^    (76.,  p.  272.) 


Culley     

C-^ 

Latimer  Clark    ... 

1=5 

B 

Maxwell 

E  =  CE 

("  Electricity    and    Mny 
netism,"  art.  274.) 

))      •••        •.• 

E  =  IR 

(76.,  art.  345.) 

Everett 

-1 

Cruthrie 

«=i 

Spragae,  J,  T,   ... 

*«■ 

Carey-Foster  (Lardner)... 

^       R 

Glazebrook 

«■• 

H                                  *.' 

•  >> 

V.  -  V,  = 

=  Ri 

Noad       

,,. 

:p.  301.) 

WormeU 

.-, 

-1 

Siemens  &  Hopkinson  ... 

'-   -       R 

c 

Cliryatal 

«*« 

.       E 
'  =  R 

Ayrton  &  Perry... 

*«> 

-1 

Lodge     

... 

E=R7 

Verdet 

... 

^  =  H 

Ganot  {AtkinBon) 

C  =  l 

Descbanel  (Ererett) 

... 

«  =  l 

•] 
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lin  &  Bonty 

... 

.         E 

Foor  Stewaii 

*. 

E 

'  =  R  +  r 

guBoa 
'         ... 

... 

... 

E  =  CR 

1=1 
^       R 

aming 

.. 

I_      E 

R  +  r 

don   ... 

».. 

-1 

y       ... 

.. 

-I 

(Gray  is  driven  to 

Cp  for  capacity,  p 
0  =  1 

Moncel 

-1 

' 

C              ^ 

npe    ... 

R  +  r  +  G 

iell   ... 

... 

-1 

1 

•  •> 

-1           ■ 

pitalier 

•  • 

^       R 

ifbridge 

•  •a 

^-R 

ler-Pouillet 

... 

-■  -R 

»> 

... 

■'  =  1 

ich  ... 

.. 

-1 

sllen ... 

•  •■ 

Jner ... 

E 
e  =  - 
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MouBson  .,,        ...      i  =  w 

Heariside  E  =  RC 

RiomatiD  *'  —  w 

It  will  be  seeu  by  an  exatnination  of  the  foregoing  lint  that 
there  is  a  clear  consensus  so  iar  na  relates  to  employing  E  for  the 
number  of  volts  of  electro-motive  force,  and  K  for  the  namber 
of  olima  of  resislauce.  But  opinion  appeaifi  to  be  divided  ax 
between  the  use  of  I  or  C  for  the  number  of  amperes  of  current, 
there  being  a  clear,  but  small,  majority  iu  favour  of  using  the 
.symbol  I. 

Professor  Hughes  :  At  this  late  hour  time  does  not  allow  me 
lo  discuss  the  several  important  points  brought  forward  in  the 
paper  of  Mr.  Jamieson.  In  every  paragrajth  there  is  much  thai 
requires  mature  thought,  and  as  the  whole  subject  is  to  be  fully 
discussed  by  a  representative  committee,  I  ha\e  uo  doubt  that 
we  shall  eventually  adopt  simple  and  clear  definitions,  avoiding 
as  far  as  possible  the  adoption  or  ejcpresaion  of  any  theory. 
In  this  sense  I  have  heard  with  great  pleasure  that  both  Mr. 
Jamieson  and  Professor  Ilospitalier  propose  to  call  the  pole  of  a 
magnet  which  turns  towards  the  geographical  north  the  "  north  " 
pole;  and  this  is  sanctioned  by  almost  universal  recognition. 
l''or  here  we  have  an  undeniaLle  feet,  dependent  only  upon  the 
directive  tendency  of  the  poles,  iudependent  of  any  theory  as  to 
its  cause,  or  reference  to  that  of  the  earth's  magnetism.  In  my 
numerous  liapers  upon  magnetism  I  have  invariably  followed  this 
custom,  preferring  to  call  it  simply  the  "north  pole,"  and  rejecting 
such  confused  definitions  as  the  "  north-seeking  jiole,"  "  true  south 
pole,"  "  north-pointing  pole,"  "  marked  ijole,"  or  "  pole  austniL" 

As  regards  the  use  of  colours  for  indicating  the  poles,  we  know 
that  it  has  been  invariably  the  practice  for  makers  to  temper  or 
colour  the  north  pole  blue,  leaving  the  south  pole  bright. 
Lecturers,  as  a  rule,  adopt  this  colour  for  their  apparatus,  and 
when  necessary,  indicating  the  south  by  red.  There  can  be  no 
reason  for  chitng'mg  this,  conaei\nently  I  believe  there  must  be  a 
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sligbt  error  in  Mr.  Jamk-son's  paper,  when  he  proposes  to  colour 
the  north  pole  red  instfad  of  blue. 

The  whole  question,  however,  of  nomenclature  and  definitions 
will  be  thoroughly  discussed  by  the  coininittee,  and  I  traat  that 
by  our  labours,  as  well  as  those  of  the  committee  in  France,  we 
shall  finally  adopt  termi^  clear  in  their  definition,  and  which  will 
be  in  a  great  measure  international. 

Prof.  Jamie50>,  having  been  iavited  by  the  President  to  make 
his  reply,  said;  The  time  is  so  very  late  that  all  I  shail  say  is 
that  I  am  very  glad  to  hear  from  the  President  that  the  Pocietv 
intend  to  form  a  committee,  and  to  meet  the  French  Committee 
in  the  best  possible  spirit,  and  I  hope  that  the  outcome  will  be 
Batisfactory  and  complete. 

The  Prisihest  moved  n  hearty  vote  of  thanks  to  Prof.  Jamieson 
for  his  valuable  pajier,  wlijch  was  cordially  responded  to. 

The  Pkesihent  announced  that  M.  Hospilalier  had  been  kind 
pnough  to  present  the  Society  with  the  last  edition  of  his  new 
book  as  a  contribution  to  the  .Society's  Library.  The  thanks  of 
the  meeting  were  accorded  to  M.  Hospitalier. 

A  ballot  then  took  place,  at  which  the  following  were  elected:— 


Cliaries  MoTirlon. 


Foreign  Members : 

I     George  We&t. 

AsBOciatea : 

Hector  Dallas. 

Alfred  Ernest  Mills,  B.A. 

James  Oldham. 

Corporal  Albert  Pike,  R.E. 

Students : 


George  Schultz. 
Ronald  Scott. 
Alfred  Watkins. 


George  Keith  Duller  Elpliin- 
atone. 


E.  Alexander  Scott, 


The  meeting  was  then   adjourned  until   Thursday,  the  ^8th 
May,  1885. 
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Bt  Alfked  J.  Fbobt,  Librarian. 

( VForlfi  markid  th\u  (*)  hat*  iHn  pvrcftatad.) 

IT   U    nWIlCULAML-l    JtEqUB^SD  tUAT  UBUBIftS   WtlL    FalSIVT  UOPIIS  OT  THIII 
UOBKa     [|]   Till    LIBUABI    AS    3O0»   AS    FOSEIBLE   ATTEE    FUBI.ICltlON. 

'  Allard ajld otlierB,  EspfriancesfaitasirEspositiond'fileytriciW.  Meliiodei 
d'obiurvHitjuus — macliint-a  et  lampes  &  courunt  cuntinu,  ib  couratiU 
ulteraalifB —  bongiea  ilecti-iquta— lampes  iV  incandeBceuM  —  accumu. 
Uteura — transport  £li.'ctriqne  dn  tTavail^-iaaclimeB  diversea.  S<ro. 
168  pp.  Farii,  1S83 

Amsterdam  Exhibition.    [FiJo  Monrlon.] 
'   Angn  [A.]     Lts  linrijgwtreurB  SU'ti^orologiquo*.    8vo,    11  pp.     ["Hevuede 
I'KxpoiiiluiD  Inluruatiouale  d'Electrii^it^."    Qronpe  IV.,  Claise  IS.j 

Pot.*,  1883 

Anon.    Maunel  de  Ti-li-yrHphJc  EJeclrique.     ISmo,    72  pp.  Piin>,  1875 

Anon.     Tili-graphiii  IJippiesiiiiue.     Instruction  Bur  la  pole  et  renlretien  d« 

s..(iiiiette».    8VO.    G4  pp.  Parit,  1866 

Aadia.[G.]    [Vid»  Nansouty  at  Audra.] 

'  Bede  [K.]  La Ti'li5 phone.  Hietuire  description  et  applitationa  des  Kileiibonps. 
La.  Bvo.     lla  pp.  DnixtlUi  el  Parti.  1881 

Benet  [Brig.-Qen.  9.  v.],  Chipf  of  Ordnance,  U.S.A.     Report  to  the  Secrelorv 

of  WBrtorthePiacalYeHr  eodedJnnuSO,  188*.  8vo.  099 pp.    Kumeruitt 

plates.  Waihinjton.  1884 

[Preaenled  l»y  tha  Ordnance  Department,  U.S.A.j 

Berry  [Grahum].  Report  upon  1  ha  affnirs  of  tha  Post  Office  aiiil  Telegraph 
liepartmeiit  of  VicWria  for  1882.    Po,    70  pp.  Melbourne,  1883 

'  Bjerknes  [M.]  Phfinomi?Qeshyili-oclyiiamiqueBinvtrsement«nalogu««aceun 
de  I'plHctricitfi  et  dii  maynetismi;.    gvo.    30  pp.  Pawii.  1882 

Blanc     [Vidt  Le  Bianc] 
I  Blavlor  [E.  E.]     Coiisidfrations  aui-leiervice  Tflggraphique  et  sur  In  fusion 
iIi:b  AdmiuistrationB  des  Poates  et  dea  Ttfk'ipvph^ii,    8vo.     tSiI  pp. 

Santi),  1872 
'  Bonel  [-^.j    Ii'Eleclriait^  &  rExpositiou  de  Bordeanx,  1SS2.   Isl.Sto.     :}!ipp, 

llardBaiu,  1682 

Bordeaux  Ejthlbition.    [Vi^e  Bonel.] 
'  Bonlaid   [J.]      Tievuu  i3e  I'Expositioa  Int.    d'Electricitf.      Production   cl 
Hpplii'atioiiK  de  I'lUe  Ctrl  cite, 

I.  .Mnchinea    Mugni-to  et  Cymuo-ilectriques,     Qroupe  t.,   Clave  3. 

II.  Moteurs    feleL'triquea    el   Trunnport    d*B    Forces.       Bronpe   IV., 

OJasae  S.  La.  Bvo,    15U  pp. 

Pa™,  188! 
Booty.     Tbto'ie  des  Phvuomfues  Electriquei.     8vo.    8i  pp.     Plate. 

Parii,  187B 
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Braeber-     IVidt  Inlematiomil  Telegraph  Conrerence.] 

•  Bregmet  ^Asioiuel.    La  Mncbiim  de  Granime,  ta  th^irie  et  ta  description. 

I»..-uxi^me  Tiiage.    8vo.    78  pp.  Porfi,  18M 

CaUtnidKe  FMl.  Socy.  Proceedings.  Part  III.,  Vol.  V.  MirliaelDias 
Ti-nii,  188*.    8vo,     51  pp.  Otmbridiia,  18B5 

•  Catnille-Qrollet   [Dr.]      L'KlectricitP  se»  applitationa   praliqnes.     8ro. 

:M0  pp.  Parts,  1883 

Oardarelli  [P.]  Leiioni  ili  Meccanica  Kleioentare  dottate  agli  allicvi 
Meccanici  dell'  AmmimstroKloDe  dei  Tel«graB.    8vo.    83  pp. 

Boma,  tSSS 

•  Casill  [A.]     L'Etinrellp  Eltctrique.    Bvo.    :!23  pp.  Pun'i,  1880 

»  Lea  Forces  Pliysiques.    Bva.    323  pp.  FarU,  18B1 

Clark  [Latimer],  MuJrhead,  &  Co.  Ld.  Ulmti-aled  Calalugue  i)[  Tele- 
gi-apUiu  Appmaius,  anil  Mitiuiial  Qseil  in  the  Conatmctioa  and 
Maintenance  af  Electi-ii:  TeleKTapIii,  Electric  Light,  Ac.  Wirli  usi^ful 
Tables  and  Formulae.    6vo.    80  pp.  London,  1885 

CoUette  [J-  il]     Le  TsliVraplie  Jmprimeur  Hugliya.      llanuel  priiici]:al«- 
meiit  ii  ruwigo  lies  employes  (lu  TL-lfgrBplie.     flvo.    82  pp.    riatea. 

La  Have,  IBTl 
Conference.     iViia  Internationa!  TelegrapU  Convention,] 
Convention.     [Vide  Internalional  Telegraph  Cob  v  en  I  ion.] 

•  Coaanumn  [M.]     Anplic-ttiona  de  ]'Electviciti5  an  niatiJriel  de»  che>nin«  de 

ivT.  (Uruupell.,  Cliisse  G.)  ["Hevuedel'Exposition  lot  d'Electrieid!'."'] 
La.  Sto.     117  pp.    rUtGs.  Parii,  1882 

"  Darwin  [Eraamuf].     The    Botanic  Garden.      A  Poem   in   2   parts.      *to. 

aiJ  +  iaCpp.    [With  PliilosophicaL  Notes.]  Landon.Vjai 
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ELECTRIC  PEESSURE   REGULATOR. 
By  EtiG,  Obach,  Ph.D. 

Vol.  IX.  of  this  Journal*  contains  an  abstract  of  my  paper  on 
a  laboratory  apparatus  designed  for  maintaining  air  or  other  gases 
in  a  confined  space  at  any  desired  pressure.  As  then  described, 
the  a|iparatus  was  only  suitable  for  pressures  below  the  ordinary, 
bat  I  had  already  indicated  that  no  doubt  it  could  be  also 
arranged  for  compressed  gases. 

I  now  intend  giving  a  brief  description  of  the  method 
employed  for  attaining  this  object,  with  comparatively  slight 
iterations  in  the  original  construction.  However,  before  doing 
so,  I  will  just  allude  to  the  principle  upon  wliich  this  regulator  is 
based,  in  order  that  the  improvements  mentioned  hereafter  may 
be  more  easily  understood,  referring  the  readers  who  wish  to 
become  acquainted  with  any  details  of  construction  of  the  original 
apparatus  to  U13'  former  communication.! 

The  apjjaratus  consists  of  a  si]>hon  mercury  barometer,  the 
,ort  limb  of  whicb  is  in  communication  with  the  space  to  be 
ntaintained  at  a  given  pressure,  and  is  connected  with  a  suitable 
air-pimip.  The  barometer  is  so  arranged  that  as  soon  as  the 
Biercury  column  reaches  the  desired  position  the  current  of  a 
lyeclanche  cell  is  sent  through  an  electro-magnet ;  the  armature 
ing  attracted,  a  thin-walled  india-rubber  tube,  which  waa 
eviously  tightly  pinched,  is  released.  As  soon  as  the  passage 
in  the  tube  is  unobstructed,  gas  rushes  in  untd  contact  between 
llie  mercury  and  a  platinum-jwinted  steel  wire  is  broken.  The 
air  or  other  gas  thus  entering  the  apparatus,  and  re-establishing 
the  required  pressure,  when  the  rarefaction  exceeds  that  desired, 

t asses  through  a  bottle  containing  some  non-volatile  liquid,  the 
mbbling  of  which  shows  that  the  api"wratus  ie  working  proi)erly. 
*  Joamalo/tlit  Soeiety  v/TeI»}raph  En{iin»n*.Yo].  IX,  p.  114.     1630. 
t  Cwl's  ZeUichriftjUr  an^twandU  EteklriciliiUUhrt,  Vol.  IL,  5.  69.     Itl80, 
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If  etruug  i^uljilitiric  acid  is  used,  it  at  tlie  same  time  serves 
dry  the  entering  gases.     By  the  iasertiou  of  a  ccmdeneer,  ' 
Bfarks,   otherwiae  taused   by   the   frequent  interruption  of  the 
umxeut,  are   entirely  subdued,  and  the  surface  of  the  mercury 
kept  perfectly  clean  und  bright  for  a  considerable  time. 

The  alteratiau,  in  oon8ei|uenee  of  which  the  regulator 
now  be  used  for  both  high  and  low  pressures,  consiats  principally 
in  the  introduction  of  a  commutiitor  which,  by  simply  turning  a 
handle,  arranges  both  the  paEsnges  for  the  gas  and  the  path  foi' 
the  current.  This  is  of  some  importance,  as  any  confusion  which 
might  possibly  occur  in  the  relative  arrjuigenient  of  the  pneu- 
matic and  the  electric  connections  might  be  detrimental  to  the 
uppnratuii :  for  instance,  by  blowing  the  acid  from  the  bottle  into 
the  rubber  tubes.  I  will  not  describe  here  the  manner  in  whiob 
the  passages  are  arranged  so  as  to  ensure  in  each  case  the  paseago 
of  the  gaa  iu  the  right  direction  through  the  appnratua,'  but 
conJine  myself  exclusively  to  the  electrical  parts. 


FlQ,   1.— Tacuuk. 
Referring  to  Figtt.  1  and  2,  B  represents  the  siphon  baromeI''f- 
*  A  desoriptjoii  of  my  pnenrantlc  com  mutator*  will  1;e  given  in  FrrMuiu*'' 
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E  tlie  Ijeclanche  cell,  Af  the  electro-magoet .  The  conunutator 
is  mounted  on  a  square  board,  G,  in  which  the  brass  quadrant 
a  b  and  the  square  plate  c  are  let  in,  the  ends  of  n  b,&s  well 
as  the  piece  c,  being  faced  with  platimim.  Two  springs,  /, 
and  /„  are  fixed  to  a  piece  of  insulating  material,  whi(;h  can 
be  turaed  on  an  axle  in  the  centre,  and  at  right  angles  to  the 
board,  by  means  of  the  handle  /f;  the  springs  are  in  connection 
with  the  cell  E  by  the  wires  1  and  2.  If  the  handle  is  to  the 
If/t,  as  shown  in  Fig.  1,  the  connections  are  made  for  the  main- 
tenance of  jiressnres  below  that  of  the  barometer — i,e,,  for 
vacuuvi.  The  current  passes  in  the  direction  of  the  arrows  from 
llie  cell  through  ivire  5  and  the  stopper  e  to  the  steel  wire  IT, 
which  slides  up  or  dowu,  and  can  be  fixed  in  any  desired  position. 
If  the  mercury  rises  sufficiently  in  the  left  limb  of  the  barometer, 
,t  touches  the  platimim-pointed  end  of  W,  the  current  ]iassing 
rough  the  mercury  to  7,  then  through  the  elect ro-mngnet  M 
a  b,  the  spring/,,  and  back  to  the  cell.  The  magnet  attracts 
the  armature,  and  allows  the  air  to  enter  till  contact  is  broken  by 
the  fall  of  the  mercury.  If  the  handle  is  to  the  right,  as  shown 
in  Fig.  2,  the  regulator  serves  to  iniuiitaiu  prestiures  above  that  of 
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the  barometer — i,e.,  for  eoTnpreaaion.  Tbe  stopper  a  Iteiug 
removed,  the  current  from  the  cell  E  passes  through  the  spring/, 
totlic  electro-magnet  ^f,  thence  directly  back  to  the  cell  through 
c  and  /,.  As  long  ua  the  mercury  is  not  in  contact  with  tbe  wire 
IF  t.he  armature  is  attracted,  and  the  india-rubber  tube  remains 
open,  allowing  the  air  or  gas  to  escapf  until  the  pressure  is  sufB- 
oiently  diminished,  and  the  mercury  makes  contact  n-ith  the 
wire.  Part  of  the  current  now  passes  through  the  shunt,  con- 
sisting of  the  barometer  and  a  rheochord  of  two  parallel  German 
silver  wires,  fl,  ti,,  electrically  connected  by  means  of  a  mercuij' 
sliding  bridge,  g.  The  latter  is  so  adjusted  that  the  shunt  just 
weakens  the  current  in  the  electro-magnet  sufficiently  to  allow  the 
spring  to  pull  the  armature  off.  Tbe  object  of  the  rheochord  is  to 
introduce  as  large  a  resistance  as  possible  in  the  circuit,  in  order 
to  prevent  unnecessary  waste  of  battery  power.  For  a  higher 
pressure,  and  consequently  a  shorter  mercury  column  betwei^n 
IT  and  7,  a  greater  length  of  German  silver  wire  can  be  insertei] 
than  is  admissible  for  low  pressures,  and  therefore  longer  mercury 
columns.     The  electro-magnet  has  about  10  ohms  resistance. 

The  commutator  is  fixed  in  front  of  the  vertical  board  carrying 
the  electro-magnet,  and  the  two  German  silver  wires  are  stretched 
along  the  hack  of  the  tail  upright  hoard  to  which  the  siphon 
barometer  is  attached;  neither  therefore  requires  much  space  nor 
any  special  supports. 

If  the  api'iaratus  is  but  roughly  adjusted,  a  kind  of  pumping 
action  ensues,  caused  by  the  oscillations  of  the  mercury  in  the 
barometer  tube;  but  when  the  adjustment  ia  cai^efully  performed, 
the  working  is  so  gentle,  and  the  pressure  is  raaintaiued  with 
such  nicety,  that  scarcely  any  oscillations  are  noticeable. 

The  Electric  Pressure  Regulator,  in  its  present  improved 
form,  will  be  found  a  useful  auxihary  in  a  number  of  chemico- 
physical  investigations,  of  which  I  will  mention  a  few,  viz.: 
firstly,  the  determination  of  the  boiling  point  of  a  liquid  under 
different  pressures,  or  of  various  liquids  at  the  same  pressure  (aaj 
7G0  mm.),  which  latter  can  aow  be  performed  \vitb  equal  facility 
whether  the  barometer  is  above  or  below  the  normal  pressure ; 
Kondly,  tbe  fractional  distilXa^^voii  o^  matii  Vxi^oid*  ot  various 
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roBsures  for  the  pui-pose  of  se]j.imtion;  and  lastly,  the  main- 
teuance  of  a  constant  pressure  in  any  ajjjiaratiis  connected  with 
a  main  from  which  the  air  is  being  constantly  eshausted  by 
means  of  n  pump,  or  into  which  air  is  compressed,  and  which 
main  is  at  the  same  time  also  occasionally  used  for  other 
experiments. 


MODE  ClF    INCREASINtV  THE    SPEED  AND  DEFINITION 

OF  HIGNALS  WITH  THOMSON'S  PERMANENT 

SLWNET  SIPHON  RECORDER. 

By  S.  F.  Pescad. 


VIWULTOO     IHUM 


r^trzl 


^ 


(A)  Mimihip  III  Ihe^Mmc  Una  na  thin  Imiird  'Bj, 

(C)  Alfo  samc'lirci'linn. 

(D)  Alto  Earns  direi'liun. 

To  regalntc,  slackun  vibrotor  ihrenJ  by  muTing 
(A)  loivnrds  ninBncu,  llien  elnwly  rovctse  movement, 
drawing librstnr  ntvaj  from  liiagnet  liU  nphon  vibmtci 
Btenilily  up  mici  ilown.  Care  miu-I  be  liiken  to  have  the 
(igual  eoil  ijiiite  dear  from  tha  mngncts  on  both  liiJcs, 
cir  tliE  line  ivill  he  lilarreil  when  vibralhi);  the  coll, 
'kwin^  tn  its  not  bavin;:  ^iiiHeltitt  foom.  Sbould  the 
vibruwr  not  aluri  vivU,  it  idll  most  likely  be  fonnd  influeiiceil  hy  ihe  \arf;e  magnet, 
>D-I  ibonld  be  placed  n  little  further  oil.  It  is  necessary  to  use  eondenncr  to  pre- 
Tent  sparkiDg  at  coDtact,     Tiie  best  Eijilioiu  are  long  line  ones  with  only  tno  boDd& 

Thinking  it.  might  be  of  interest  to  some  of  the  members  of 
your  Society,  I  beg  to  Bend  you  the  following  account  of  a  simple 
and  very  satisfactory  arrangemeiit  for  Increasing  the  speed  and 
definition  of  signals,  with  Su'  William  Thomson's  Permanent 
Magnet  Recorders,  without  electrification  of  the  inic : — Thesa 
recorders  !ire  iidmirable  and  econoinical  for  lines  of  800  to  1,000 
miles,  but  after  that  the  friction  between  the  siphon  and  paper 
begins  to  tell  very  much  on  the  clearness  of  the  signals.  We 
have  succeeded  in  reducing  the  friction  to  a  minimum  by  vibrating 
the  siphon  very  quickly,  using  a  small  make  and  break  similar  to 
that  generally  emjJoyed  on  inductjon  coils,     Xb  ^nfi.  \ie  "VsiHwa, 
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in  these  inBtramentB  the  aiphon  is  rigidly  fixed  to  the  saspeaded 
signal  coil,  therefore,  to  obtain  i-ibration  of  the  siphon,  the  whole 
euspension  must  vibrate.    This  is  obtained  by  leading  a  fibre  from 
the  hammer  of  the  make  and  break  to  the  thread  BUpporting  the 
signal  coil,  and  fastened  to  it  about  half  an  inch  from  the  top. 
On  the  battery  being  ap))!ied,  and  the  right  tension  given  to  thi 
threads,    the  action  ie  found    to  Uft    the  siphon  rapidly  up  and 
down,  and  the  same  fine  line  is  obtained  ab  in  the  mouse-mill 
recorders.     The  paper  ia  adjusted  ao  that  when  the  vibrator  is 
working  the  si]>hon  is  from  one-sixteenth  to  one-eighth  of  an  inct^H 
clear  from  the  pajier ;  the  vibrator,  being  placed  a  foot  from  the 
magnets,  is  not  affected  by  it,  and  can  be  cut  off  and  started  at-- 
will.    The  ai-raugement  is  placed  at  the  back  of  the  instrumen^l 
a  hole  being  drilled  in  the  centre-piece  to  pass  the  vibrator  thread 
to  the  suspension  thread. 

It  has  been  in  operation  on  the  longest  section  of  the  Cew 
and  South  American  Telegraph  Company,  from  San  Juan  del 
to  Santa  Elena,  in  Ecuador,  nearly  1,600  miles,  for  eight  or  uiU' 
months,  with  excellent  results,  seldom  requiring  adjustment,  and' 
irom  the  appearance  of  the  signals  it  could  not  be  told  that  the 
coil  was  under  vibration.     The  line  of  ink  is  perfectly  even; 
also  has  the  advantage  of  permitting   the  use   of  much    fine 
siphons  than  under  the  usual  mode, 

Kot  having  heard  or  read  of  anything  being  done  in  thii 
direction  previously,  I  trust  my  experiment  may  be  somethin 
new. 

Bait  Juin  dki.  But.  Nicarioua, 

Vay  7IV  13SE. 


SuA 
jin^H 
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PROF.  FLEEMING  JENKIN,  F.R.S. 

We  are  indebted  to  the  Electrical  Review  for  the  following 
memoir : — 

"Our  readers  will  join  with  ns  in  the  regret  which  we 
feel  in  performing  the  melancholy  duty  which  devolves  upon  ns 
this  week  of  recording  the  death,  which  occurred  at  noon  on 
Friday,  the  I2th  June,  of  Prof.  Fleeming  Jenkin.  Although  the 
late  professor  had  for  some  long  time  beeu  in  poor  health,  the 
conaequence  of  overwork  and  much  domestic  anxiety,  Ms  most 
intimate  friends  entertained  no  miagiving  as  to  the  result  of  the 
comparatively  trivial  surgical  operation  which  a  week  before  he 
went  to  Edinburgh  to  undergo.  The  authorities  of  Edinburgh 
University,  where  he  held  the  Chair  of  Engineering,  had  con- 
sented to  release  him  from  his  duties  for  a  twelvemonth,  in  order 
that  he  might  recuperate  his  energies  by  travel  and  by  residence 
on  the  Continent ;  and  he  had  sj>ent  some  little  while  in  the  South 
of  England  ere  the  journey  back  to  Edinburgh  for  the  purpose 
alluded  to  was  undertaken.  He  looked  forward  with  cheerfulness 
to  the  operation,  and  his  confidence  was  in  a  measure  shared  by 
his  friends.  Blood-poisoning,  however,  set  in,  and,  though  it  was, 
not  until  the  morning  of  Friday  that  imminent  danger  was 
apprehended,  he  died  at  noon  on  the  same  day. 

"  The  deteased,  the  only  son  of  Captain  Charles  Jenkin,  R.N., 
of  Stowting  Court,  Kent,  was  born  in  1833.  His  mother  was  a 
native  of  Scotland,  and  the  authoress  of  several  popular  novels. 
Inheriting  both  English  and  Scottish  features  of  character  from 
his  parents,  his  mind  and  character  were  still  further  enlarged  by 
the  varied  nature  of  bis  early  education.  He  first  attended  the 
Grammar  School  at  Jedburgh,  and  subsequently  went  to  the 
Edinburgh  Academy,  where  he  had  Clerk  Maxwell  for  a  school- 
mate. When  1 3  years  of  age  he  was  sent  to  a  school  at  FranktvuAi- 
on-tbe-Main,  and,  a  year  later,   to   Paris,  wliete  \i6  iem2iB.«\ 
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during  the  Revolution  of  1848.      Attending  the  University  of 
Genoa  subsequently  to  this,  he  there  obtnined  the  M.A.  degree. 
In  1850  he  commenced  that   engineering  career  which  has  since 
brought   hiin   so   much  diatinctioo,  hia  lirst  experiences    being 
gained  in  a  locomotive  shop  at  Marseilleg.     The  following  year 
he  returned  to  England,  and  was  apprenticed  for  three  years  at 
Sir  W.  Fau-balm's  famous  works  in  Manchester.     He  soon  rose  U) 
honourable   employments,   his    first   important    step    being    an 
engagement  with  Messrs.  Newall,  of  Birkenhead,  with  whom,  in 
the  year  1857,  be  was  engaged  iu  making  preparations  for  laying 
the  first  Atlantic  submarine  telegraph  cable.     This  circumetance 
was  the  means  of  bringing  him  into  close  relationship  with  Prof, 
(now  Sir)  WiUiam  Thomson,  with  whom  there  was  soon  formed 
a  Ufelong  professional  and  intimate  personal  friendship,  and  from 
that  gentleman  he  received  much  help  and  stimulus  in  his  early 
professional  career.     Mr.  Jeiikiu  was  successively  engaged  in  the 
work  of  manufacturing  not  only  the  first  Atlantic  cable,  but  also 
the  Red  Sea  cable,  a  cable  extending  from  Singapore  to  Batavin. 
and  several  of  the  moat  important   Mediterranean  cables.     He 
accompanied  some  of  the  expeditions  for  the  laying  of  the  latter. 
In  the  year  1861   he  set  up  in   business   in  London  as  a  etrit 
engineer  on   his  own    account.,  in  partnership   with   Mr.  H.  C. 
Forde.      Acting  luider   the    encouragement    received    from  Sir 
William  Thomson,  he  now  began  to  write  on  scientific  subjeets, 
one  of  his  earUeat  memoirs  being  a  paper  on  '  The  Transmission 
of  Signals  through  Submarine  Cables,'  which  was  communicated 
to  the  Royal  Society  in   1862,  and  subsequently  published  in  the 
Philosophical  Transactions.      On  the   motion   of  Sir   William 
Thomson,  a  committee  was  named  at  the  Manchester  meeting  of 
the  British  Association,  held  in   1861,  for  the  determination  of 
electrical  standards.     Mr.  Jenkin  was  named  as  the  reporter  for 
that    committee,   and    he    was    closely   associated   with     QeA 
Maxwell,  and  other  able  experimental  investigators,  in  carrying 
out  the  work  of  the  committee.     For  many  years  he  recorded 
the  work  of  the  Electrical   Standards   Committee  (much  of  it 
actually  his  own),  and  most  of  it  was  practically  ratified  at  tbe 
/nteraaCional  Conference  oSEVec^nc)ia,ii.5,\ifc\i.Yti.Psiiia  in  1883-S4- 
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'For  a  couple  of  years,  beginning  in  1866,  Mr.  JenkiD  was 
elected  to  the  Professorship  of  Engineering  in  the  Uni\-erHitj  CoUege, 
London.  In  that  capacity  he  Jid  such  excellent  work  that  he 
was  fixed  upon  aa  the  first  occupant  of  a  similar  chair  founded  iu 
the  University  of  Edinburgh  in  the  year  1868.  He  readily 
accepted  the  appointment  when  it  was  offered  to  him,  and  forth- 
with relinquished  his  London  partnership  with  Mr,  Forde. 
Professor  Jenkin  was  not  long  in  making  an  excellent  position  for 
himself  in  the  Univeraity.  A  highly  skilled  and  enthusiastic 
teacher,  who  was  thorough  and  systematic  in  everything  that  he 
did,  he  gradually  brought  around  him  a  number  of  able  and 
accomplished  young  men,  much  of  whose  professional  success  in 
life  is  directly  traceable  to  his  influence.  Several  of  them  were 
\\'hitworth  Scholars  in  Mechanical  Engineering.  Amongst  his 
favourite  pupils  we  may  specially  mention  Professor  Smith,  of 
the  Sir  Josiah  Mason  College,  Birmingham,  and  Professor  Swing, 
of  the  University  College,  Dundee.  But  the  work  of  his  classea 
did  not  use  up  the  intellectual  and  physical  energy  of  Professor 
Jenkin.  Locally,  he  became  connected  with  the  Royal  Society  of 
Edinburgh,  the  Watt  Institution  and  School  of  Arts,  and  other 
scientific  institutions.  Being  within  easy  reach  of  Glasgow,  he 
had  much  professional  intercourse  with  Sir  William  Thomson,  and 
as  a  result  of  that  intercourse,  as  also  with  Mr.  C.  F.  Varley  and 
others,  very  great  progress  was  made  in  the  improvement  of 
signalling  apparatus  for  long  submaiine  cables.  He  and  Sir 
William  Thomson  were  engaged  as  consulting  electricians  and 
engineers  for  a  number  of  the  most  important  submarine  cables, 
and  on  several  occasions  he  visited  both  North  and  South  America 
in  his  professional  capacity.  Latterly  he  was  joint  engineer  with 
Sir  WiUiara  Thomson  of  the  Mackay-Bennett  cables,  and  was  also 
joint  patentee  with  Sir  William  of  important  telegraphing  instru- 
ments (specially  for  submiirine  lables),  notably  the  automatic 
curb  sender.  His  scientific  aid  was  also  in  much  request  aa  a 
juror  in  international  exhibitions.  He  was  juror  in  physical 
apparatus  at  the  London  Exhibitions  of  1862,  in  engineering  at 
the  Paris  Exhibition  of  1878,  and  in  electricity  af  the  Health 
Exhibition  last  year.    Much  of  his  succeea  in  carrying  oii  w^\?itt'u&^i 
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projects  in  foreign  countries  was  due  to  the  fact  that  he  was  a 
highly  accomplished  linguist.  German,  French,  and  Italian  were 
ftlmost  as  familiar  to  him  as  his  mother-tongue,  and  he  was  quite 
at  home  in  French  drama  and  literature. 

"During  the  last  three  years  of  hia  life  he  attacked  the  problem 
of  electric  locomotion  with  abaracteriatic  energy  and  originality. 
Fired  with  the  report  of  a  lecture  given  at  the  Royal  Institution 
in  1882,  illustrating  Professors  Ayrton  and  Perry's  absolute  block 
system  for  preventing  collisions  and  for  dispensing  with  the  aid  of 
drivers,  guards,  and  signalmen  on  electric  railways,  he  proposed  a 
scheme  of  joint  working  Vfith  theae  gentlemen  for  the  develop- 
ment of  a  scheme  of  overhead  automatic  electric  transjrort,  to 
which  he  ultimately  gave  the  name  of  Telpherage.  The  establish- 
ment of  the  Telpherage  Company,  of  which  he  became  one  of  the 
most  prominent  directors,  was  the  next  step,  and  after  a  long 
aeries  of  experiments  had  been  conducted  at  Stevenage,  in 
Hertfordshire,  an  actual  telpher  line,  for  conveying  250  tons  of 
clay  per  week,  for  the  Sussex  Portland  Cement  Company,  by 
means  of  iron  buckets  hanging  on  an  overhead  steel  rod,  supported 
on  wooden  posts,  was  undertaken.  The  manufacture  of  the 
electric  locomotivea  to  run  along  the  steel  ropes  and  pull  the 
train  of  buckets  after  them,  as  well  as  the  construction  of  the 
line,  was  engaging  his  attention  at  the  time  of  his  death. 

"  Hia  originality  and  [lOwers  of  suggesting  devices  for  over- 
coming difficulties  were  prolific,  as  is  shown  by  his  manifold 
patents  in  connection  with  the  details  of  telpher  lines.  Beside-s 
his  numerous  electric  ^latenta,  he  has  made  inventions  in  bridge 
work,  hydmulics,  mechanical  methods  of  transmitting  power,  and 
heat  engines. 

"  Neither  hia  duties  as  a  teacher,  nor  his  multifarious  occnpa- 
tioDs  as  a  consulting  engineer,  an  inventor,  and  a  scientific  witneM 
and  assessor  at  the  Courts,  were  able  to  engross  his  activities. 
From  1859  onwards  he  wrote  some  fifty  papers  on  scientific  and 
social  subjects,  as  well  as  several  text-books.  Of  these  last,  the 
principal  one — his  book  on  Electricity  and  Magnetism  in  Messrs. 
LoLgmans'  series  of  Text-books  of  Science— which  has  passed 
through  many  editions,  and  be^ici  liKtiAaAu^A.  ■oA.'a  we^iewA  foreign 
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languages,  19  generally  accepted  as  the  best  existing  elementary 
treatise  on  electricity.  His  scientific  papers  ;ire  for  the  most  part 
to  be  found  in  the  Transactions  and  Proceedings  of  the  Hoyal 
Societies  of  London  and  Edinburgh,  of  the  former  of  which  he  was 
elected  a  Fellow  at  the  early  age  of  32,  while  of  the  latter  he  was 
made  Vice-President  in  1879.  His  [japers  exhibit  much  originality. 
One,  published  in  1878  (which  gained  the  Keith  Prize  of  the 
Koyal  Society  of  Edinburgh),  lays  the  foundation  of  an  entirely 
new  dynamical  theory  of  machines,  which  is  as  much  in  advance 
of  the  merely  kinematical  analysis  of  Keulaux  as  that  was  in 
advance  of  the  fragmentary  treatment  which  preceded  it. 

"  Apart  altogether  from  his  scientific  achievements,  ProfesHor 
Jenkin  was  in  many  ways  a  man  of  remarkable  ^xiwer,  and  even 
more  remarkable  variety.  As  an  accomplished  linguist,  a  littera- 
tem*,  a  critic,  a  metaphysician,  a  sportsman,  no  subject  seemed  to 
come  amiss.  'VMiether  the  talk  was  of  technical  education  or  the 
costumt;  of  the  Greeks,  of  French  plays  or  the  freedom  of  the  will, 
Professor  Jenkin  was  sure  to  contribute  a  fact,  a  theory^a  paradox, 
perhaps — but  stilt  something  fresh  and  suggestive.  Of  him  even 
more  than  of  moat  men  it  might  be  said  that  only  his  intimate 
friends  really  knew  him,  and  his  intimates  were  for  the  most  part 
specialists  in  literature  or  art,  or  in  anything  rather  than  the 
subjects  that  formed  the  main  business  of  his  own  life.  Of  his 
literary  work  the  pages  of  the  Norik  BritUh  Review  for  1868  con- 
tain examples,  among  which  an  article  on  the  Atomic  Theory  of 
Lucretius  may  perhaps  be  specially  named.  Other  of  his  writings 
treat  of  Darwinism,  education,  economics,  and  hygiene.  In  this 
last  subject  he  did  more  and  better  work  than  merely  that  of  the 
pen.  In  1877  he  organised  the  Edinburgh  Sanitary  Protection 
Aesociation,  a  co-operative  society  which  secured  for  its  members 
the  benefit  of  periodical  inspection  and  skilled  advice  regarding 
drainage.  The  idea  was  novel,  and  a  man  of  less  energj'  would 
bare  found  the  opposition  and  prejudice  of  the  public  strong.  He 
soon  launched  the  Edinburgh  Association  on  a  career  of  assured 
prosperity,  and  then  promoted  the  formation  of  similar  societies 
in  London  and  other  places,  A  like  society  was  founded  in  Dundee 
a  little  more  than  a  year  ago,  of  which,  aa  oi  mao^  ol  tta  d'CofeT*, 
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Professor  Jenkin  was  honorary  consulting  engineer.  With  other 
titular  distinctions,  Professor  Jenkin  vas  a  LL.D.  of  Glasgow 
University,  and  &n  honorary  member  of  the  Soci^t4  ProfesBionelle 
d'Hygi^ne  of  Paris.  He  leaves  a  widow,  the  only  daughter  of  the 
late  Mr.  Alfred  Austin,  to  whom  he  was  married  in  1859,  and 
three  sons,  the  eldest  of  whom,  Austin  F.  Jenkin,  has  had  a  dis- 
tinguished career  at  Trinity  College,  Cambridge." 
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J.  BATNAXro— StETHOD  OF  DIMINISHING  THE  DANGEES  DUE  TO 
THE  EXTRA  UURHENT  PEODDCED  IN  DYNAMO  ilAOHlNEB 
ON  BHEAKING  THE  OUTEB  CIKCOIT. 


(Co-nptM  Htndus,  Tot.  ICIO,  Ho.  9, 1B8S,  p.  633.) 

In  a  former  »ittmg  of  the  Academy,  Mr,  d'Arsonval  suggest^^  Ihe  intet- 
pi^iriitn  of  a  polarisatioD  liatlury  betwcon  the  lemiinalH  of  tlie  dynamo 
machine,  T!i«  author  proputeB  to  fall  hack  npon  an  Hrrang^meut  devised 
irom  Faraday'i  principle  ot  Ititeral  induction,  in  use  in  nil  telegraphB  under 
the  iiAme  of  •■  ligbtning  diicbarger."  It  would  be  sufficient  to  join  up  nich  an 
apparatus  to  the  terminals  of  the  dynamo,  when  it  would  only  allow  tbs 
currHDt  tit  pUBs  when  Iliia  became  dnngreroua.  Atcording  tu  circumatAncea, 
1-aric.m  fonoB  of  lightning  diathargera  might  lie  used,  with  points,  or  paraffined 
paper,  or  alcohol.  The  experiments  of  Warren  de  la  fine  and  Muller  would 
lerve  to  determine  the  sinking  distance  in  air  at  ordinary  preuure  and 
between  various  Burfacee  fur  differences  of  potentials  from  250  to  1,200  chloride 
ol  »ilver  cells,  each  of  which  may  be  taken  as  having  the  value  of  1-03  tdU. 


H.  PBLtAT— METHODS  OF  DETERMrNINQ  THE  POTENTIAL  OF 

THE  AIE. 

(Compte*  Rtndul,  Vol.  100,  No.  10. 1885,  jj,  736.) 
The  flrtt  point  investigated  waa  the  rapidity  with  whicli  the  apparatus 
generally  used  ia  aensible  to  changes  of  potential.  A  large  sheet  of  metal  could 
either  be  brought  to  zero  potential  by  connecling  it  to  the  sy»tem  of  gas 
pipe«,  or  charged  to  100  volta.  The  rea-dingn  were  made  with  a  Maacart'i 
electrometer,  the  quadrants  of  which  were  reepectively  at  the  potentials  +  50 
Tolts  and  —  60  volts,  tbe  needle  being  connected  to  the  point  to  be  tested.  It 
was  found  that  all  water-dropping  apparatus  were  alow  in  acting ;  thus,  with 
a  Sow  of  12  litres  in  13  hours,  It  took  five  minotes  for  the  needle  to  be 
brought  to  the  potential  of  tlie  air. 

The  use  of  smoke  ariaing  from  the  bnming  of  filtering-paper  saturated 
with  lead  nitrate  ia  still  more  slow,  and  presents  an  important  source  of  error, 
as  the  combustiou  itself  charges  the  electrometer  to  a  potential  diSeringas 
mneh  as  8  or  10  volts  from  that  of  the  air. 

As  a  result  of  these  experiments,  the  author  was  led  to  adopt  a  ^a  fluae 
bamJDff/ums  metaJ  bnraer,  carefully  insulated  8.TidcoTi'tt».ii\«it!ifti%iJu«XvQ- 
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meter.     At  the  very  Bret  it  wm  fuumi  that  by  thia  meHiiS  tJie  needle 
brought  Bimoil  inttantsncouBly  to  the  air- potential. 

Iti  order  to  study  llie  EJff.P.  which  might  be  produced  hj  the  co: 
huBtion,  tiie  burner  was  placed  within  «  hollow  mBtallic  cjliniler  closed  at  the 
tAp,  with  the  eireption  or  a  few  boles  to  cauia  au  np-draught.  Such  au 
arrangement  liehavea  exactly  like  a  giUvauic  cell,  the  humer  being  iha 
poiitive  pole,  aud  the  envelope  tlie  negative.  The  value  uE  the  E.M.F, 
dependu,  lat,  on  the  gaa  burnt ;  Snd,  ou  tbe  metal  of  the  burner ;  3rd,  on 
nature  of  the  internal  turface  of  the  envelope.  Bome  of  the  valuea  obUi 
may  be  ol  iniurefit. 


1.F 

=1 


Qu. 

Burner. 

Siinlop*. 

VtHy. 

Hydro  gcu 

Brara 

Copper 

0-30 

Do. 

Do. 

Ziiiu 

0-B8 

Do. 

Kino 

Copper 

(MH 

Do. 

Platinum 

Du. 

0-46 

Do. 

Do. 

Pl&tinum 

0-10 

Coal  OkB 

Do. 

Do. 

0-9i      1 

Do. 

Do. 

Copper 

1-7S     1 

The  reuistanre  was  .iIho  measured  by  tbe  duration  ol  the  chargB  of  a  Lejdeu 
jar,  and  it  wai  found  that  with  a  coal  gas  flame  one  centimetre  high,  buming 
ill  au  envelope  thirteen  centim^tren  in  diameter,  tbo  resistance  was  69,000 
megohms.  J 


E.    BICHAT    and   B.   BLOHDLOT— DIFFERENCES  OP  POTENTIAL 
BETWEEN   LIQUIDS,  AND  THJl  ACTION   OF   THE  AIE  IN  THE 

MEADSEEMENTS  OF  THESE  DIFFEREN0E8. 


(ComjiMi  Bendiu,  Vol.  100,  No.  11,  leSS,  {i.  781.} 

BIr.  Lippmann  han  eitablisbed  (.wo  distinct  equations  relating  to  the  pi 
perties  of  tha  surtace-toutact   between   mercury  and    an   electrulyle;   w 
Helmholtz  has  demonstrated  that  it  reauIlH  from  one  of  tlitse  equations  that 
by  B.  iiiitftble  poliirisaljun,  the  cupillttty  constant  of  the  surface-contact  ha* 
been  brought  to  its  maximum  value,  the  mercury  and  the  electrolyte  are  at  the 
BHtne  potential. 

The  authors  have  carried  out  a  eariea  of  experiments  founded  on  t 
principle.  In  a  capillary  electrometer  the  acidulated  water  was  replaced 
the  electrolylfl  to  he  experimented  upon,  iind  by  successive  trials  the  EJl.F,' 
was  determined  which  had  to  be  inserted  batween  the  terjuiDHls  of  the  intini- 
ment  to  ubtain  the  m.iximnm  rise  of  the  meniscus  in  the  capillary  tube;  at 
this  moment  the  di&erence  of  potential  in  the  tube  was  nit,  and  the  isterpoaed 
E.M.F.  exactly  measured  tbe  normiU  E.SI.F.  The  method,  therefore,  i*,  to  lo 
apeak,  a  sero  one,  and — what  is  lUQtt,  un^ovtuit— U  is  one  in  which  the  air 
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doMDOt  come  into  play  at  all.    It  is  easy  to  see  that  bjmeaiuriDg  ssexplained 
the  differences  of  potential  mercury  [  eleotrolyla  Ko.  1  and  dectrolyto  No.  S  | 
niercar;,  it  is  possible  to  arrive  at  the  ilifferenco  of  potential  electrolyte 
So.  1  I  electrolyte  No.  H. 

From  a  comptiriBon  of  the  valnes  obtained  by  thy  above  aietbod  and  by  that 
uiualiy  employed,  the  important  part  pluyed  by  the  air  is  very  apparent.  Thus, 
with  acidulated  water  and  sulphate  of  nmla,  the  old  method  gave  +  0'139,  the 
new  —  oaOi  for  BUlpliate  of  eoda  andeiilphate  of  potaali,  the  old  gave  —0-138, 
the  new  ^0'4i76.  This  difference  can  only  be  explained  by  the  fact  (toreieen 
by  Maswell}  that  betneou  the  air  and  a,  liquid  there  extatg  a  differeoce  ol 
potential  the  valua  of  which  varies  with  the  liquid. 

I  A.  OAIPPE.— GALVAN0METEE8  WITH  CURVED  8CALEB 
(Coraplci  Rmiut,  Vat.  100,  No.  II,  188B,  p.  794.) 
The  wire  is  wound  in  groovea  and  forms,  above  and  twlow  the  needle,  in 
lauei,  which  are  parallel  to  itB  planes  aS  oscillation,  two  figures  reaemblinK 
the  caustics  which  are  produced  by  the  reflection  of  light  from  a  cylindrical 
surface.  In  conseiiuence  of  the  ahapy  of  tiese  curves,  the  nia^'netic  axis  of  the 
ueedle,  whatever  may  be  its  direction,  always  cats  the  neighbouring  part  of 
the  scale  at  very  nearly  the  same  noglu ;  the  closeness  of  the  oeedle  and  ot  the 
coil,  and  consequently  their  reciprocal  action,  increase  at  the  rame  time  at  the 
actiou  of  the  magnetie  couple  of  the  earth.  By  this  means  it  is  possible  to 
construct  instruments  in  which,  for  currents  increasing  in  arithmetical  pro- 
gression, the  needle  )ias  its  positions  of  equilibrium  equidistant  on  the  two 
halves  of  the  scale  to  about  70  degrees  from  the  zero  point. 


■   CI.AHOVD  and  J.  CABFEVTZEB— A  N£W  FOBH  OK  TUBBUO- 

PILE. 

(Comptu  Jimdiu,  Vol.  lOO,  So.  15,  .ipri!  13,  \8»5,p.  9SS.} 
The  conples  consist  of  plates  either  of  iron  or  nickel,  and  of  bars  of  aa 
alloy  ot  antimony  and  zinc.  The  maximum  of  effect  is  obtained  when  the 
two  metals  ot  the  alloy  are  miied  in  the  proportion  of  their  chemical  equiva. 
lent!  (Sb  —  133 ;  '/.a  =  OS).  Each  couple  attains  its  maximum  of  effect  at 
the  fating  point,  when  the  couple  iron-alloy  has  an  EJU.F.  of  ^  of  a  volt,  and 
the  couple  nickel-alloy  j^  of  a  volt.  In  ordinary  work  the  temperature  is  not 
allowed  to  rise  »»  high,  and  at  the  usual  working  point  the  E.M.F,  is  ^  of  a 
volt  and  ^  of  a  volt  respectively.  The  framework  of  the  pile  is  formed  of 
baked  day,  having  a  central  cylindrical  lube  with  partitions  radiating  from. 
its  the  plates  ot  iron  or  nickel  having  been  placed  suitably  in  the  cells,  tha 
alloy  is  poured  in  when  molt«n ;  and  hence,  should  the  temperature  rise  too 
high  at  any  time  during  the  working,  the  only  effect  will  be  to  fuse  this  alloy, 
which  will  again  solidify  on  cooling  without  any  damage  having  been  done  to 
_the  pile. 

Two  types  ot  pile  have  been  coDEtruat«d,  one  mlh  11(1  c^n^^Xes  ututi^i^ 
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in  IS'circles  superposed,  which  bas  an  E.M.F.  of  S  Tti1tii,ftnd  an  internal  resist- 
ance of  3'2  uhma;  the  otl^er  witb  6(1  couplt^ti  Id  G  circles,  which  has  aa  E3I.F. 
ol  3-G  volta,  and  an  intfercal  reaiBtajice  of  0*65  obm*.  The  coDsomption  of  gui 
is  the  Kime  for  both  types,  viz.,  6^  cubic  feet  per  liour. 


MEASnHEMBNT  OF   SMALL   REBI8TANCES. 
[I/Slictrieitn.  Vol  9,  No.  ini,  Mard,  31, 1SB5,  p.  210.) 

In  tba  first  appendix  to  the  fifth  report  of  the  CDnimittee  of  ElMlricaJ 
Standards  is  a  descnptionof  an  inBtnmient  devised  by  the  late  Sir  Vija,  Siemeiu 
fur  Che  measurement  of  small  ri^Utsnc^s.  The  principle  nftliisiipparatuB  is  that 
the  current  from  the  hatiery  foUuwa  two  parallel  circuiii,  the  ono  cumprising 
a  coil  and  a  known  reiistajice,  the  other  a  similar  second  coil  and  the  unknowp 
resistance.  Between  the  two  coila^  which  themselves  are  of  equal  reaisCAiice. 
19  a  Dceiile,  and  the  two  coils  can  be  displaced  laterally  in  the  one  direction  or 
the  other  so  as  to  bring  the  coil  through  wliich  the  least  current  flows  nearer 
to  the  needle,  which  then,  being  equally  affected  by  both  coils,  remalas  at  leio. 
In  the  Siemens  "Resistance-Measurer"  the  movement  of  the  coils  waa  eDecleii 
by  moving  a  curved  piece  of  met-al  at  right  angles  to  their  lootioo ;  one  end  o[ 
the  rod  carrying  the  coils  is  pressed  continuousiy  against  the  curved  rule  by  a 
spring,  and  therefore  has  lo  follow  its  motion. 

The  new  instrument,  the  "Slicrohm-meter,"  which  Mr.  Itfaiche  has  lately 
brought  before  the  Boci*!*  Internationale  dea  Electriciens,  is,  in  some  detail*. 
an  improvement  on  the  older  form.  The  two  coils  are  no  longer  rigidlj 
connected,  but  each  is  carried  on  its  own  screw,  and  can  be  moved  independently 
of  (he  other.  Thus  the  fixed  comparison  resistance  is  done  away  with,  as  well 
as  the  carved  guide.  Each  complcta  turn  of  the  screw  corresponds  lo  a  move- 
ment of  one  millimetre ;  one  of  the  micrometer  wheels,  which  ii  attached  M 
the  screw,  is  divided  into  a  hundred  parts,  and  turns  in  front  of  a  vernier. 
With  a  single  Daniell  cell  a  displacement  of  a  quarter  r-f  a  degree  is  perceptible. 
The  value  of  the  movement  of  the  coils  is  so  arranged  that  each  degree 
oorresponds  to  one-thousandth  of  an  ohm. 
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B.  BBTKIBB-THE    SWELLING    OF    THE    LEAD    IN    BECONDARr 

BATTEREEB. 

(L'Ehcineisn,  Tol.  B,  A'o«.  IW-B, /Ipril  11  and  April  18,  1885,iij.S61  and  277.) 
In  these  two  articles  the  author  treats  of  the  changes  of  volnnic  of  the 
lead  plates  during  the  formation  and  during  the  discharge,  resulting  from 
changes  of  weight  and  density.  Before  the  fortnation  both  plates  coniist  of 
compact  metallic  lead.  VTben  the  cell  hai  been  formed  and  chained,  the 
positive  plate  lias  become  partially  peroxidised,  and,  since  this  peroxide  ii 
lighter  and  less  dense  than  the  lead,  it  occupies  u  greater  volnme.  The 
negative  plate  does  not  vary  sensibly  in  weight,  but  it  has  become  spongy: 
beaceati  i&creaseof  volumeonthiaiidealso.  On  discharging  the  cell,  sulphat* 
0/ Je«d  i*  formed,  which  is  Ug^let  and  \e»  ftBTu*  ftii"a<MxCT  ■CcA-^^Qt:i4«  oi 
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le  t:poiigy  lead,  leading  to  a  further  iacreace  in  voliuue.  On  recharging,  ihe 
Tolumea  decrease.  TbuB  tbe  volumeit  of  the  leud  pUteg  increase  when  tbey 
poM  into  the  condition  of  formed  and  charged  electrodag ;  they  still  further 
increase  during  the  ducbarge,  and  diminish  daring  the  recharging,  hut  not  so 
much  aa  to  return  to  their  original  volume.  In  Planli'a  form  of  battery,  and 
allowing  for  only  a  partial  formation  of  the  plates,  the  author  finds  for  the 
cubical  aweUiiig  of  the  positive  plate  the  value  lOE,  and  for  tbe  negative  KHB. 
These  Gguree  show  thnt  this  increase  iu  VDluiiie  is  not  negligible,  and  may 
produce  mechanical  effects.  In  Faure's  accumnlaturB,  on  the  other  hand,  the 
■welling  is,  so  to  speak,  negative  in  aign,  and  therefore  these  accumulators  do  not 
ihoxt  signs  of  mechanical  action.  In  Ptantf 's  cells  a  mi^an  expansion  of  atwul 
4  per  cent,  of  each  plal  e  occurs  in  each  of  its  dimensions  during  tbe  discharge. 
In  one  of  the  spiral  form,  having  electrodes  0-50  m.  long,  the  increase  in  length 
it  aa  much  as  2  cm.  Hut  this  increase  is  not  regular  throughout  the  mass ;  the 
portions  least  acted  on  expand  least,  and  hence  tbe  bunkling  of  the  plates  is 
caused. 

Tbe  author  conelndes  that  tbe  permeable  material  onght  to  be  thinly 
spread,  nod  over  large  surfaces,  and  the  supporting  plates  should  be  to  a  certain 
extent  elasl  ic,  to  allow  of  these  changes  of  volume  to  take  place  more  readily ; 
and  be  therefore  proposes  corrugated  plates,  which  aeem  to  meet  these 
requirements. 


^B  (to  Lumiim  Eleeiriquo,   Vol.  16,   No.   10,   March  7,  18SS,  p.  461.) 

^V         In  carrying  out  bis  researches  on  electro-physiology  Dr.  d'Arsonvai  had 
^H  need  of  some  very  sensitive  gBlvanometers,  and  be  describes  several  forms 

which  can  be  readily  constructed  with  a  few  pieces  of  iron  wire,  some  needles, 

and  a  few  bobbins. 

11.  A  straw,  to  which  is  attached  b.  mirror,  is  hung  horizontally  from  a 
fibro;  at  one  end  of  the  straw  is  dxed  a  needle  point,  at  the  other  a  counter. 
poise.  On  the  point  of  the  needle  a  small  iron  bar  can  rotate  in  a  horiznntai 
plane ;  and  each  end  of  the  bar  can  traverse  the  hollow  of  a  small  coil  of  wire. 
The  directive  force  of  the  earth  obliges  the  iron  bar  to  take  up  a  ll;(ed  position 
on  its  pivot,  but  it  exerts  no  force  on  the  horizontal  straw,  which  ii  only 
colioited  by  the  torsional  force  of  the  fibre. 
9.  A  new  form  of  astatic  needles  im  arrived  at  by  fixing  two  small  pieces 
of  steel  (a  piece  of  watch  spring), bent  into  a  |J  shape,  back  to  back,  with  opposite 
l>otes  at  the  top.    The  whole  is  hnug  from  a  fibre,  and  has  a  mirror  attached. 

3.  This  instrument  is  a  sort  of  Thomson  galvanometer  in  which  the  sus- 
pension is  done  away  with.  Two  sewing  needles  are  fixed  horizontally  across 
the  back  of  the  small  mirror,  and  the  paints  of  the  two  needles  rest  on  the  end 

I  of  a  horizontal  magnet.     The  whole  being  placed  in  a  coil  of  wire,  a  very  sensi- 
tive galvanometer  is  obtained,  the  needles  turning  about  their  points. 
4.  Two  sewing  needles  are  passed  througb  a  piece  oicoi:\,,a,ti4.a.t»-^iMjBi. 
yaracaJIyoa  their  points  on  tbe  ends  o!  a  hone-aboe  Bittpift\,^i\'Ca\\.»Y^\'*^ 


us 


ABSTBAOTS. 


*  tvo^^ 


Terlicall;  apwardi;  a  coutiterpoiEe  U  fixed  below  the  cork  between  tha 
legaofthe  magnet.  The  mirror  is  fixed  ho mon tally  on  tho  top  of  the  cork, 
nad  tlie  light  ie  reflected  bj  iQ<!Bns  ot  a  prisBi.  The  two  upper  endi  of  the  two 
needles  are  bent  back  at  right  angles,  and  the  bent  portiona  enter  the  hoUowi 
of  two  aolenoids.  Thus  the  whole  movable  portion  pivots  on  the  points  of  the 
needles,  and  the  inBtmtneut  is  of  course  estremely  seoiitive.  Its  senaibilit; 
can  be  BcljimCud  by  moving  the  counterpoise  np  or  down. 

5.  A  Hieel  wire  is  magnetised  and  bent  into  a  \J  shape,  the  ends  beitig  bent 
back  at  a  right  angle.    The  whole  ia  sospended  from  a  fibre  so  that  the  wi. 
bangs  thus 


J  in  a.  vertical  plane,  and  the  bent-back  poiDti  [»u  throngll 

two  solenoids, 

(J.  A  very  simiiar  arrangement,  but  the  bent  steel  wire  hangs  altogether  ia  1 
a  horizontal  plane,  and  the  ends  enter  opposite  aides  of  the  same  bobbin,  I 
being  only  one  instead  of  two. 


C.  MENOES— A  NEW  FOBU  OF  ASTATIO  OALVANOMETEB. 
(La  Lumiirt  Electrigiu,  Vol.  IS,  Xi.  12,  iforch  21,  ISS5,  p.  MS.) 

On  a  wooden  base  provided  with  levelling  screw*  are  placed  two  uprigb 
solenoids  side  by  side ;  these  can  be  changed  as  occasion  reqairea.  At  the  ImdI 
is  a  vertical  support  from  which  the  needle  is  bung  by  a  Sbre.    The 


itself  ia  of  this  form 


D' 


and  is  euipended  in  a  stirrup  at  a  point  near 


vertical  connecting  part.  The  horizontal  arms  swing  jast  above  and  juit 
below  the  top  and  bottom  of  the  solenoid*,  which  act  on  the  needle  lat«nll;. 
The  disposition  of  the  needle  corresponds  closely  to  that  in  Tbonuon  and 
Gray's  instrument. 


B,  WEBBB— THE  ELECTRICAL  BIBEK, 
(An-naltn  dflr  Phyik  und  Chamit,  Vol.  34,  PI.  4,  No.  4. 1885,  p.  671.) 

In  its  simplest  form  this  instrument  consists  ot  a  metallic  toothed  ' 
fixed  on  a  metal  axle ;  on  the  edge  of  the  wheel  a  fiat  spring  presses,  lo  that  i 
lies  altemntcly  on  a  tooth  and  a  space.    These  spaces  are  all  Oiled  in  with  an  ' 
insulating  material.     From  the  fixed  end  of  the  spring  a  wire  goes  to  a  battery, 
and  the  circuit  is  completed  through  a  telephone  tu  the  axle  of  the  wheel,  andj 
is  completed  or  broken  accordingly  as  the  spring  touches  a   tooth   or  anl 
insulated  space.     The  pitch  of  the  note  heard  in  the  telephone  will  be  propor-l 
tinned  lo  the  nnraber  of  teeth  in  the  wheel  and  to  Its  speed.    The  loudness  will] 
depend  on  the  strength  of  the  current  and  on  the  kind  of  telephone  nsed.     Th« 
colour  of  the  note  (timbre),  i.e.,  the  number  of  overtones,  will  be  influenced  by 
the  constancy  of  the  battery,  and  the  kind  of  telephone. 

Tha  actual  siren  is  made  up  ot  several  toothed  wheels  vith  a  v&ryinf  fl 
namber  of  teeth  mounted  side  by  side  on  the  some  axle,  bnt  insulated  from 
each   other.      The  corresponding  spring  for  each   wheel   is  connected  to  a 
separate  binding  screw.    A.  batlOTy  ot  K^eTsi  wjiii  S»  iiwii,Ba  ttia  ^ut^tin 
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fttci  being  connected  up  parEillel  md  joined  lo  tbe  Axie,  wliile  e&ch  positive 
plat«  goea  to  a  leparate  binding  screw;  according  to  the  number  of  wirei 
which  are  jointMl  up  one  or  more  wbeets  will  be  in  action,  and  several  notes 
can  be  compounded,  all  of  which  will  1)«  lieard  together  in  the  telephone. 
The  wheels  can  be  conveniently  driven  bj  a  small  electcomoter  keyed  on  to  the 
end  of  the  axle.  The  counting  is  effected  by  an  unilleN  Rcrew  at  the  other  end 
gearing  into  a  wheel  with  160  teeth  i  to  the  vertical  spindle  ot  this  wheel  ii 
attached  a  dial  plate  with  400  divisions,  over  which  are  two  hands,  which  are 
normally  held  by  catches,  but  which  can  be  released  at  any  desired  moment. 
At  a  given  moment  one  hand  ia  released  and  then  moves  round  wi(b  the  dial ; 
after  a  given  interval  of  time  the  second  is  released,  and  then  also  goes  round 
with  the  dial.  From  tbe  distance  apart  of  the  two  hands,  the  intervsJof  time, 
and  the  number  of  teeth,  the  time  of  vibration  can  be  reckoned.  The  author 
found  that  the  relative  breadth  of  the  t*eth  compared  with  breadth  of  the 
insulating  parts  did  not  aSect  the  primary  tone  produced,  but  that  it  hod  con- 
■iderable  effect  on  the  overtones  produced  along  with  it.  A  particular  experi- 
ment was  tried  with  four  wheels  each  with  40  teeth,  but  with  the  following 
ratios  of  metal  to  insulator :— lat,  1  to  IS  i:  2ni!,  8  to  12 :  Snl,  6  to  12 1  4tb,  9  to 
12.  The  Brst  wheel  gave  tbe  double  octave,  bnt  tbe  octave  itself  could  not  be 
diilioguiahed  ;  the  second  gave  several  overtones,  a  very  feeble  octave,  the 
upper  fifth  very  clearly,  as  well  na  the  double  octave,  and  also  three  harmonic 
overtones— 1 :  E,  I ;  6,  and  1:8;  the  third  wheel  gave  the  upper  fifth  and  tha 
octave;  the  fourth,  the  two  octaves.  The  experiments  were  carried  ont 
altogether  with  twelve  wheels,  with  teeth  varying  in  number  from  24  to  72 1 
and  the  paper  concludes  with  a  list  of  the  tones  produced  by  varioas  com- 
hinalions  of  these. 

^P         A.  BABTOM— BELATION  BETWEEN  CONDnOTITlTY  AND 
H  COaiPOelTlON  Of  VARIOUS  KISDB  OF  CARBON. 

^1  {Btibltttter,  Vol,  9,  No.  8,  18SS,  p.  172.) 

^^^  By  the  continued  action  of  a  red  heat  the  conductivity  of  all  calcined 
organic  substances  increases  from  zero,  uid  at  the  same  time  the  amount  of 
hydrogen  in  their  compoaition  diminishes.  At  still  higher  temperatortis  tha 
conductivity  increases  still  more,  and  the  hydrogen  always  decreaseer  thas, 
when  the  hydrogen  decreased  from  4'2  to  0'175  per  cent.,  the  specific  con- 
ductivity rose  from  0  to  0012.  If  finely- powdered  graphite  is  intimately 
mixed  with  20  per  cent,  of  paraffin,  the  compound  conducts  readily  ;  but  if 
SO  per  cent,  of  paraf&n  is  used,  the  condaciivity  becomes  nil.  The  less  finely 
the  graphite  U  powderedfthe  better  the  lu^sa  conducts, 

KA.  BAUTOUC— CONDDCTITITT  OF  OOMPOHNDB  OP  OAEBON. 
{BeibliilUr,  Vol.  9,  Ne.  3,  1885,  p.  172.) 
The  solid  substances,  the  insnlation    of   which  was  to  be   tested,  were 
brought  between  two  metal  plates  I  cm.  in  diameter,  one  of  which  waa  via- 
necied  \o  ove  pole  of  the  battery,  Ibe  other  to  a  gkltSiiumM^«T.   Ql\.iii(i  o^;a« 
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ineta!  plaMi  sepainteil  by  Ibe  bgdy  under  teat,  one  waa  joineJ  to  the  other 
termiuftl  of   the  gUvanomater,   while  the  other  could   be  Gonnected  to  thft^_ 
battery.    In  the  liquids  thin  vertical  pUtlnom  ^irei  were  huDg  1  mm.  sparb^^ 
As  battery  400  bichromate  telli  were  aeed,  sb  net)  as  400  copper  zinc  coaplci 
in    sodium  nitrate.      With  petroleum  and   similar  subBtancPS,   the   lots   ol 
electricity  of  a  metdl  ball  was  measured. 

All  solid  carbou  compounds  are  noQ-cotidnctora.     U  a  coodoctingr  body  I 
ditsolved  in   a  non-conducting    liquid,   the  solution    condncti:      If  a    noo 
condncliog  liquid  temaiiig  non-conducting,  even  nTter  the  solution  of  a  folu 
in  it,  then  the  solid  body  ia  a  non-conductor  in  the  liquid  state. 

A  non-conducting  liquid  remuiti  s  the  same  with  increase  ol  tempeTatnrfl  j 
a  conductor  increases  its  conductivity  on  cooling. 

In  general,  the  conductivity  diminishes  in  homologuus  series  witli  tli 
inereasa  of  complexity  of  the  electro-positive  TBdIcali. 


K.  KATSEB— UEASUREMEKTB  OF  NOIL'S  THERMOPILE. 

(H«iMSH«r.  Vol.  9,  So.  3,  1886,ji.  181.) 

With  two  batteries  of  20  to  2B  alements,  the  E.M.F,  rises  at  flrst  pn 
portionatoly  to  the  consumption  ot  gas,  and  reaches  2  volts ;  it  is  very  constant. 
The  resistance  increases  with  the  consumption  of  gas  up  to    1  ohm,   the 
decreases  to  J  olim,  and  is  very  variable,    'With  an  external  resistance  no 
exceeding  o  ohms,  the  current  from  thermopiles  is  cheaper  than  that  ol 
Bansen  cells. 


A.  ZILUCH— DIBEOT   MEASUREMENT   OF   BEB15TAKCB  OF 

CONDUCTORS. 

[ZHUehriflM  Elelstretechnik.  Fol.  S,  No.  S,  Morefc  16, 1885.  p.  137.) 

A  Weber's  tangent  galvanometer  is  provided  with  two  coils,  which  can 
either  be  placed  on  the  same  eide  or  on  opposite  sides  o(  the  needle.  The  ona 
coil  consists  of  a  single  turn  of  wire  of  very  imaU  resistance,  ri ;  the  other  is 
made  np  of  from  10  to  £0  turns  of  wire  of  resistance  rj .  The  resistance  to  be 
measured,  a,  is  joined  up  to  the  Qrst  coil,  and  a  rheostat  to  the  i>ecoad  coJ, 
Both  coils  Are  connected  up  parallel  in  such  a  way  that  the  currents  in  them 
are  opposed  as  regards  their  action  on  the  needle.  If  now  so  much  resistono 
rj,  is  inserted  in  the  rheostat  that  the  needle  stunds  at  zero,  we  have 

^  -  ^  (  '•  +  f^ )  -  n. 

where  Kg  and  K^  are  the  reduction  factors  of  the  galvanometer  ooils,  ftod 
^         C,  H  C,  H 

Ct  Mod  Ol  being  tlie  radii  ol  tb«  coils,  and  n^  and  ni  the  nnmber  of  tnmi. 
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tS.  TTTABEZ— USE  OF  SILICIUM  BKONZE  WIBE  FOH  SDBMAEINE 
CABLES. 
(ZtitiiAHfl  fur  ESMnttehnik,  fol.  3,  Ha.  7,  April  16,  1&8E,  p.  210.) 
The  author  most  atrenuonaly  adv[>ca.teB  Ihe  ose  of  liliuiuiu  bronze  wire  for 
the  above  purpose  on  account  of  the  lightnesa  which  can  tlieri^bjr  he  obtained 
io  thoH  cables.  The  conductivity  does  not  differ  materJESly  from  that  of 
^Lcommercioi  copper,  while  the  breaking  atraio  is  very  much  higher,  con geqnently 
^^  the  conductor  iUelf  can  be  relieit  upon  to  take  much  of  the  Btrain,  and  the 
iron  wire  sheathing  may  he  made  mucli  lighter;  thus  leading  to  increased 
facility  in  all  repairing  operations  as  well  oa  in  the  laying  of  the  cable.  He 
contraati  the  cable  laid  for  the  French  Atlantic  Company  with  one  of  silicium 
bronze,  and  a,  statement  of  this  comparison  will  bring  out  the  lalient  points  on 
nbich  he  founds  his  advocacy  of  the  latter  kind  of  cable.  Taking  only  the 
deep-sea  cable,  we  have  the  (oUovring  weight!  for  tlio  French  Atlantic  Cable, 

I  per  knot : — 
Copper  conductor         4B5  lbs. 
Outtapercha       397    „ 
Jut«  serving       17fi    „ 
18  iron  wires  3  mm.  diameter            1,890    „ 
I               Hemp  and  compound H8:f    „ 

3.836  lbs. 
The    total   diamet«r   of    the   cable    is    30  raillim^res,  its  breaking  strain 
1,614  Iba.,  and  its  weight  in  sea-water  992  lbs.    It  will  carry  from  6  to  7  miles 
ita  own  length. 
Now  take  a  deep-sea  cable  with  sLlicinii]  broniie  conductor,  per  knot  :—. 

Silicium  bronze  conductor     465  lbs. 

Quttapercha       897    „ 

Jute  serving       176    „ 

2a  iron  wire*,  each  1'25  mm.  diameter       ...         .„      1,103    „ 
Hemp      SGI    „ 


2,711  lbs 
The  total  diameter  will  be  2G  millimetres,  its  breaking  stimn  6,173  lbs.  (of 
hich  about  half  will  be  carried  by  the  conductor  itself),  its  weight  in  sea- 
water  70B  lbs.    It  will  carry  from  tj  to  9  miles  of  its  own  length — that  is  eight 
or  nine  times  its  own  weight  in  water. 




^V  By  an  alteration  of  Mance'a  the  author  has  made  an  arrangement  by 
which  the  current  and  internal  resistance  can  be  readily  measured.  Tha 
accompttnyiu)j  Qgore  shows  the  arrangement  ol  the  apparatus. 


O,   mCHA^EE— ALEASUBEHENT   OF   THE    DISCHABOE    OF 

SECONDARY  BATTERIES. 
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E  IB  the  secondary  battery,  and  B  the  charging  buttery,  wbieh  can 
joined  to  each  other  by  n  commalstor,  or  the  secondary  battery  can  be  joini 
to  the  measuring  circuit.  By  lifting  out  a.  copper  bridge-piece  at  F,  the 
nection  of  the  bridge  i*ire  with  the  rest  of  the  circuit  can  be  intemip 
D  F  is  a  Qerman  nilver  wire,  3  m.  long  and  I  mm.  thick,  stretched  along 
Bcale  dividud  into  millimfitrea ;  and.  along  this  wire  the  contact-piece  K 
Blade,  r  is  a  resistance  of  about  OS  ohm,  II  is  a  resistance  box. and  a  thi 
resistance  of  about  2  ohmB  ia  inserted  in  tUu  wirn  K  A  bo  as  to  prevent  Mo 
rapid  discharge  of  the  accomulaMr. 

It  D  F  ^  ■  millimAtreB,  F  K  —  y  millimetres — these  ditlanoea  ha' 
been  attained  by  moving  K  until  no  alteration  in  the  deQection  i»  prod 
when  the  key  U  is  closed — then 

T    ~     y    ' 

vhere  GoHa  the  intanial  resistance  of  the  buttery.    It  n  i*  the  reiiitAnca  of 
the  wire  D  F, 

where  <i  it  the  current  in  the  galvanometer  circuit.    And 
H  -  I  (r  +  B,  )  +  ii  R 
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»r.  P.  rOHLHAUaCH— USB   OP  THE   'WATEE   VOLTAMETER  P0| 
DULKCT   MHAEUREMENT   OF   STRONG  ODRRENTS. 

{ElelitroUc\niacht  Ztittejirift,  Vol.  6,  So.  E,  ISaS,  p.  190.) 

After  glancing  at  some  ot  the  objections  (o  the  use  of  silver  or  eop 
voltameters,  the  author  goes  on  to  describe  a  large  form  of  voltameter  whjd 
ba  has  found  very  useful   for   the   direct  measurement   of   current!  up 
200  ampiKB.    The  water  voltsLiae'teT  mUo&'at^ea  &  «i»aA<»  ^.VJC.  at  abont 
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volts  into  the  circuit,  but  thia  qnantttj  is  tolerably  comUnt,  vbile  the 
~inteTiial  registacce  majr  be  reduced  to  ^  of  an  oliiu. 

A  glikss  tube  40  mm.  in  diameter,  and  capable  of  bolding  30O  c.cm.,  i» 
divided  into  spaces  each  of  5  c.  cm.  The  bottom  part  ai  the  tube  is  tapered  and 
&t»  into  one  neck  of  a  large  heavy  glass  vessel,  which  contains  about  GOO  C.cm. 
and  aerreB  as  foot  to  the  apparatus  ;  a  second  nect  serves  to  place  the  veuel 
is  commonicatioQ  'with  the  air  during  aa  experiment.  At  tlie  top  of  the  tube 
a  small  thermometar  la  sealed  in,  to  permit  ol  the  temperature  being  read. 
The  electrodes  are  ot  platinum  sheet,  One  consisla  of  a  single  sheet  17  mm. 
bf  40  min.,  and  it  is  placed  between  two  equal  sheets,  which  togetlier  form  the 
•econd  I'lectrudes.  The  platinum  electrode;!  are  united  to  platinum  tubes, 
which  pass  through  lateral  tubulurea  towards  the  bottom  of  (he  voltameter 
tube.  The  li()UiJ  used  ia  a  SO  per  cent,  solution  oE  sulphuric  acid  iu  water 
(specific  gravity  =  1-14), 

III  order  to  attain  to  an  accuracy  of  one-half  per  cent,  the  temperature 
must  be  known  witliin  one  degree,  and  the  pressure  must  be  ascertained  with 
4  mm.  of  mercury. 

If  h  is  the  height  of  the  dilute  acid  In  the  tube  above  the  level  of  the  acid 
in  the  vessel,  we  have  to  subtract  ^  h  from  the  height  o(  the  barometer  (6)  to 
ftnd  the  pressure  on  the  evolved  gates  in  the  tube,  (U'l  is  speciflo  gravity  of 
the  acid ;  and  13'6  ia  speciflc  gravity  of  mercury — thus,  JJ|  •■  ^.) 

Lit  is  found  that  at  a  temperature  of  20°  0,  and  a  pressure  of  725  ram.  of 
lury,  1  ampere  in  1  second  liberatea  j  c.cm.  of  gases.  It  is  easy  to 
conltract  a  table  of  corrections  (given  in  the  original  article)  for  various 
temperatures  and  pressures,  and  theu  the  calculation  of  the  ctirrent  is  very 
ainiple,  as  an  example  will  show : — 

Height  of  barometer  ...        „ 

Height  of  acid „ 

Pressure  -  75i  -  -"^    =     

Temperature 

Volume  of  gases  measured 

Correction  from  table 


Time 

Volume  per  second     

Current 537 


,, 

754  mm. 

,. 

112  mm. 

745  mm. 

17-8°  C. 

.. 

19S'0  c.cm. 

■■ 

+  T'5 

aOG'6  c.cm. 

.. 

aa  seconds 

=    5-27  ccm. 

<  5 

^  2G'3  amperes 

Dr.  U.  T.  EDELMANN— CAUEEATION  OF  OALVANOMETEHS. 

»(I7«iroiDcftin"fcAfi  Zeitichrift,  Vol.  B,  No.  B,  1883,  p.  lUl.) 
The  author  is  of  opinion  tliat  not  sulHcient  cure  is  tiikeu  in  the  calibration 
of  the  present  direct-reading  instruments,  and  that  it  is  impossible  tu  put  any 
trust  in  an  inslrumenfc  with   a  graduated   scale.    He  objects  to  the  law  of 
langeot  dellectJDii  being  tsgin-ded  as  correct  lor  aujtihinig  ^^Qu&.'««'r3  na:£^ 
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deflection*.  OttlTanoineten,  bowsvcr  maFh  they  maj  be  aiike  in  conktracCiac, 
■ize,  retiBtance,  &c.,  oannut  be  ao  made  as  u>  have  all  of  them  tb?  saiue  comtant, 
and  tliereForo  dials  graduated  in  tlie  eamo  waj  cannot  be  UKd  iudiacrimiuatel; 
for  a  batch  ol  instruments  oftheuuno  coortmation. 


LIST  OF  OTHEE  ABTICLES. 

{Compte*  Hmdut,  Vol.  100,) 

No.  9. — T.  JOB— 31emoir   on  the   Origin    of    Atmogpheric    Electricity. 
DEBCBOIX — Maxima  of  Diumnl  VartatioDB  of  Eartb'i  Farc«  in  1S83 1 
Obsutvatory  of  Mont  Sourifl.    A.  DAUSSm^ Claim  of  Priority  for  M 
covery  ..if  Slttliad  of  Pn;Tenting  ihe  Eitra  Current  in  Dynamo  Macbine 

No.  10. — MASCA&T — Dttcmiination  of  Olim  by  tbe  Method  of  Damping, 
OAIZiXABD— A  New  System  of  Dynamo  MBctainei.  A.  SUPStf— C^U 
with  Two  Liquida.  T.  HOUKEAUX— Diurnal  Variations  of  £arUt'l 
Magnetic  Force  ohaerved  at  Pare  St.  Manr, 

No.  12.~VTTI.FIAN— El  per  imenta.1  Besearcbes  on  the  £lectricsl  Sxcitabili^ 
of  the  Brain. 

Ho.  1G._A.  BUHELL— Tbe  Electrical  Problem  from  tbe  Point  of  View 
Economy  and  Efflcienoy  of  DyuamoB, 


anta.      C0L801T  —  New    Hagnel 


(L'Electricien,  Tol.  9.) 

No.  100.— E.  HOSPITALIEB— Exhibition  of  the  ■■SociSti  des  Electrieilniy 

E.   ARNODLD— Gas    LigUters,   and   Leak  TestBra.    Testing  Office   for 

6tandarclj<  of  Resistance. 
No.  101.— E.  HOSPITAUEB  —  Sea 

Telephone. 
No,  102.— X.    KOSFITALIEB— See    ante,     iin Bti.— Telegraphic  CommQ; 

cation  with  Truina  in  Motion, 
No.  IciS.—L.OBEZEIi— Electricity  at  BcUcgarde,    I>r.  B.  DU  BOCHEB— 

New  Oalvano-caUBtic  Cell, 
Ho.  104.— B.  HOSPXTALIEIl— See  ant«. 
Ho.  lOE.-E.  HOSFITALIEB-Sec  anti. 


I 


(La  Lwmere  Bleetrique,  Fat,  IS.) 

No.  9.— a-  COLOMBO- Central   Btation   at  Milan,    r.  UFFEHEOBN- 

Lighting  of  some  titrecta  in  Hanover. 
No,  10. — C.  DECHARUE — Application   of  Electricity  to  tbe  Study  of   the 

Vibrations  of  Holids  and  Liquids.  E.  VAIT  DEN  VEN — Oxide  of  Coppet 

Batt«ry. 
Ho.  tl.— J.  BOUBDIN— Printing  Telegrapb  of  Baillebacher.    A.  SOUBET- 

BAJT— Electric  fiyitum  of  Signals  tit  the  Alarlea  Micca,     L.  DE  Z.OCHT- 

LABTE  — Telephony     by    Diacontinuoua     Ctirronts.      Anon.  —  iileelro- 
Depoiitioa  iu  Mint*. 
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So.  13.— A.  GIT^BOnT— Electric  Ligbtuig  by  Primary  Batteriei.  P. 
SAHmiL  —  liist»I]aT,ii]ii  of  Telephome  Linei  in  Worfcihopa,  DSLA- 
£AKSB  BAd  CHAFEKON — CoDBUmption  of  Zinc  in  Oxide  of  Copper 
Batteriw.  J.IiXrVTm— FonnatioDof  EiLil.  IiASBAJTCE— Oommutatur 
tor  latermediate  Telephoiuo  Pi>«t,  X.  EDLUHD — Eesearcbea  on  tbn 
Behaviour  of  Electricity  in  Rarefied  Air. 

No.  It J.  BOUliANOZB— The  Absolute  System  of  Units. 

No.  IC. — C.  SECHAKUE— Application  of  Electricity  to  the  Study  of 
Tiljralory  Porm?,    J.  LUVlAl — Origin  of  Alraoaplieric  Electricity. 

No,  16. — A.  QIT^BOUT— 'Winding  of  Armaturei  of  the  BiemeDH  Type. 


(.InnoEen  der  Phyiih  und  ChetHU,  Vol.  24.) 

No,  3.— O.  QimffCKE— Electrical  Heaearchea. 

No.  4_E.  EITTLEB— Meoauremeut  of  Uurrentg.   G.  QUINCKE— See  anb. 

A.  GOCKEIi— IlL'Intion  of  Pettier  Effect  to  the  Effloiency  of  Cells.  W.  K. 

SCHUIiTZE— The  Mutuat  Action  of  Tn-a  Magnetic  Particles  at  lUglit 

Angle*  to  each  other. 

(Beimtter,  Vol.  9.) 
No.  3.— £.  PALHIEBI— Researches  on  Electric  Potential,  A.  KIOHX— 
New  Explunritjntt  of  Hall's  Phenomenon.  E.  F0S8ATI — Behaviour  of 
some  Permanent  Magneta  in  presence  of  a  Keeper.  T.  HILIiEB — 
Apparatus  for  showing  Linesof  Force  in  a  Pacinotti  King.  F.  CAKDAHZ 
— The  Duration  of  Retarded  Dischargee.  E.  WASEUBO — Phosphores- 
cence Id  Oejuler's  Tnbea. 


{Eltktroiechniiche  Zeitichrift,  Vol.  6.) 

No.  4.— Von  HEFNES  ALTENECK— New  Am  Lamp.  A.  BERINOEB 
— Kapp's  M^'a^nring  Tnstnimeois.  F.  N.- — Use  of  Bichroniale  ut  BuJnin 
Cells.  F.  HIFKOW — Small  Accumulators  for  Telegraph  and  Telephone 
Iiinea. 

No.  6.— ELSASSEB—The  Tan  Bysselberghe  System.  HVHMEL— Uni- 
polar Machines.  Dr.  B.  BUHIiUAjm — Arc  Lamps  for  Bmall  Currents. 
P.  V. — Chaudron's  Thermopile. 


(ZeitschTift  /ur  Eleliirotaehnili,  Vel.  3.) 
Ko.  5. — Dr.  B.  DOLINAB — New  Method  of  Winding  Qramme  Biag, 
(,'o.  6. —Prof.  QOFPEIiSBODEB — Action  of  Electrolysis  on  Indigo,    ^non. 

Loss  of  Ener!>7  in  Mleclric   Lighting.    Anon. — Walt   and    Horse-Power. 

Dr.  L.  WEBEB — Notes  on  Lightning  Strokes  in  Schleawig-HoUtein. 
No.  7.— Br.    DOLINAB-^ee  anU.     Prof.   OOPPELSBODEB— See  anil. 

Dr.  L.  WEBEB— See  ante. 
No.  8.— M.  BUBSTTN— Firing  Ships' Guns  by  Electricity.  Prof.  SCBNEE- 

BELU— Bertliimd'Uorel   Cable   in  the   Arlberg  Tunnel.    Prof.   GOP- 

PBLBBOSBB— See  ontt.    J.  WEBEB— Bourct:  ot  'VoMa.'fAiMii.i'vi^i^ . 
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The  One  Hundred  and  Forty-aisth  Ordinary  General  Sleeting  of 

^P     the  Society  was  held  at  the  Institute  of  Civil  Engineers,  27, 

Great  George  Street,  Westminater,  on  Thursday,  SSth  May, 

11885— C.  E.  SpagkolF-Tti,  Esq.,  M.  Inst.  C.E.,   President,  in 
the  Chair. 
The  minutes  of  the  last  meeting  were  read  by  the  Jjecbetaey, 
and  confirmed. 


^ 


The  President  announced  the  transfer  of  Mr,  J.  H.  Eider  from 
class  of  Students  to  that  of  Associates. 


Donations  to  the  Library  were  announced  as  having  been 
received  from  the  following; — G.  A.  Kowell,  It.  H.  ICraiiae, 
Maurice  Simon,  and  E.  HospitaUer ;  to  all  of  whom  a  (learty 
vote  of  thanks  was  accorded. 

The  following  paper  waa  then  read; — 
ITOL.  xw.  24 
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SHIP     LIGHTING     BY     GLOW     LAMPS,    EMBODITNG 
RESULTS     OF     TRIAL    FOR    ECONOMY     IN     H.J 
"COLOSSUS." 

By  J,  FAEaoHAKSON,  Member. 

The  object  of  this  paper  ia  to  bring  to  the  notice  of 
members  of  the  Society  some  carefully-ascertained  facts  as  to 
relative  cost  of  lighting  ships  of  war  by  the  electric  and  the 
ordinary  system  hitherto  in  use,  and  not  for  the  puqjose  of 
describing  any  novelty  or  eflScieney  of  the  electric  system  as 
applied  to  these  ships.  The  author  has  chosen  the  easier  course 
of  giving  a  naiTative  of  ascertaiued  and  officially-recorded  facts  as 
to  cost  of  maintenance,  purposely  avoiding  opinions  as  to  t 
merits  and  defects  of  the  system  adopted  and  tested. 


I 


H.M.S.  "  ColoeaiLa,"  6,000  k.p.,  9,150  tons. 

Programme  of  Seven  Days'   Thial  of  Electric  Lightiko,  to_ 

represent    average    requirements   daring  the   year.     Coc 
mencing  7  a.m. on  Thursday,the  15th,and  concluding  7a.c 
on  Thursday,  22Qd  January,  1885,  the  ship  being  lighted  bj 
day  and  night  continuously. 

Spaces  Lighted,  &c. 
During  the  day  from  7  a.m.  to  6  p.m. 
Steering    engine    compartment,   dynamo  room,   engine 
boiler  rooms,  shaft  passages,  engineers'  workshop,   engine  room," 
artificers'  wash   place,   stokers'  and   seamen's   bag   rooms,  paint 
room,  hydraulic  pumping  rooms,  turret  turning  engine  compart- 
ments, warrant  officers'  store  rooms ;   also  all  the  police  tam^H 
throughout  the  ship  below  the  upper  deck,  and  portable  lamp^^ 
for  trimming  coal  bunkers.  ^^ 

From.  6  p.m,.  to  9  p.m.  ^^ 

Officers'  cabins,  ward  room,  reading  room,  pantries,  steering 
engine  compartment,  dynamo  room,  engineers'  wash  plac«, 
engine  and  boiler  rooms,  shaft  passages,  mess  berths,  sick  bay, 
main   deck  aft,  citadel,  mesa  deck,  lam^room,  upper  deck,  foWj 
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aft  uoder  superstructure,  seamen's  head,  oEBuera'  w.c'b,  under 
eki^  beams,  conning  tower,  eliart  lioose ;  also  all  the  police  lamps 
throughout  the  ship  below  the  upper  deck,  and   the   portable 

(Dps  for  trimming  coal  bunkers. 
Fivm  9  p.m.  to  11  p.m.. 
OfBcers'  cabins,  ward  room,  reading  room,  pantries,  steering 
gine  compartment,  dynamo  room,  engineers' wash  place,  engine 
and  boiler  rooms,  abaft  passages,  warrant  officers'  mess  berth,  sick 
bay,  upper  and  main  decks  aft,  under  skid  beams,  officers'  w.c.'s, 
seamen's  head,  lamp  room,  conning  tower,  and  chart  house ;  also 
all  the  police  lamps  throughout  the  ship  below  the  upper  deck, 

td  the  pOTtabla  lamps  for  trimming  coal  bunkers. 
From  1 1  p.vi.  to  7  a.m. 
Steering    engine    compartment,   dynamo  room,  engine    and 
iler  rooms,  shaft  passages,  conning  tower,  chart  house,  officers' 
w.c.'s,  seamen's  head,  and  aick  bay ;   also  all  the  police  lamps 

foughout  the  ship  below  the  upper  deck,  and  portable  lamps 
trimming  coal  bunkers. 
On  one  day,  the  2l8t.,  so  as  to  represent  average  time,  lights 
were  used  at  quarters ;  the  following  arrangement  being  made : — 

^^k  From  10  a.m.  to  2  p.m. 

^H     All  police  lamps  and  all  lights  in  the  ship,  except  for  cabins, 

^Hbflin  deck  aft  and  forward,  store  and  provision  rooms. 

^H     The  object  of  the  trial  being  to  ascertain,  for  their  Lordships' 

information,  the  cost  of  electric  as  compared  with  the  ordinary 

light,  for  guidance  as  to  extending  its  use  in  ships  of  the  Royal 

Navy — the  greater  efficiency  of  the  new  light  being  already  known — 

it  was  not  considered  necessary  to  take  account  of  the  cost  of 

labour  employed  in  attending  the  electric  installation,  it  bein^ 

understood  that  no  increase  in  the  ship's  complement  of  men 

would  be  necessary,  and  that  the  coat  of  the  artificers  employed 

with  the  electric  would  not  exceed  the  cost  of  the  lamp-trimmers 

^Mequired  for  the  old  light.     For  this  purpose  it  is  only  necessary 

^W)  compare  the  cost  of  the  materials  consumed  'by  \.\ie  V"«o  ^-^BS-tiTOs 
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respectively,  viz.,  the  electric,  as  ascertaiQed  by  the  seven  daya' 
trial,  and  showii  in  Tables  A  and  B,  and  the  cost  of  the  establij^l 
ment  allowance  of  oil  and  candles,  based  on  the  number  of  ligh^r 
in  the  ship,  as  shown  in  the  following  account,  for  a  period  of  seve 
days : — 


I 


OkDtMAir  Ltaar. 

Elcctbic  Liobt.                  * 

1 

£ 
Oil  (rapeai^d',  SSj  gallons  40 
Candlea,  600  (bs 17 

B.    d. 
0    0 
0    0 

e    %  i. 
Cuali,  ail,  and  waste,  for 

engines     9    3    i 

(itov  lumps  coDflumed     ...     11  H    H 
Oil  und  irastQ     0  10    G 

Total    ai    7     8 

Balanceinfavourof electric    3G  12    ■ 

1 

Total   £57 

0     0 

£S7    0    0 

It  thus  appears  that  the  saving  in  cost  of  materials  in  tt 
year,  as  per  trial,  is  £\,S52  14a.  8d.     To  properly  estimate  the 
financial  effect  of  the  change  from  the  old  to  the  new  light,  it  i^H 
necessary  to  take  account  of  the  capital  cost  of  each  system,  an^^ 
the  annual  depreciation  or  cost  of  maintenance.     The  only  point 
in  the  following  account  requiring  special  notice  is,  that  the  nun^H 
ber  of  lamps  is  based  on  the  assumed  average  life  of  1,000  hours,     ' 
and  not  on  that  obtained  in  the  trial,  which  was  abnormal  and 
exceptional.     It  may  here  be  noticed  that  lamps  can  be  readily 
obtained  with  a  guaranteed  average  life  of  1,000  hours,  and  thai 
the  average  actually  obtained  in  the  Indian  troopships  is  more 
than  double  that  number  of  hours.     "NN'ithout  attempting  auy 
positive  explanation  of  the  excessive  iailure  of  lamps  in  the  sere 
days'  trial,  the  author  is  of  opinion  that  it  was  mainly  due  to  the 
high  incandescence  necessary  to  give  the  nominal  candle-power. 
It  will  be  noticed  by  the  table  that  the  nominal  caudle-power  waa 
closely  adhered  to  throughout  the  triaL     Such  a  result  may  raise 
the  question  bow  far  the  apparent  efficiency  obtained  by  high  ift-J 
candescence  is  really  economical. 

The  engines  were  Brotherhood's  three-cylinder  improved  simple 
type,  coupled  direct.     The  dynamos  were  Victoria  direct-current  j 
compound.     The  lamps  ■weie  'Vi'rt.oi:\8.',  Wft  ^.otal.  number,  400. 
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Coal  DSed  for  ligbting  up  "  17  cwc. 
Ful  engine  kopt  ronning.    Feed donkej' u required, 
and    lire    engine    fanning  ilowlj   for  aaiuliarr 

coQiIeDser. 
Fire  eogine  slopped  M  3  p.m.,  and  bilge  donkc;r 
tabslimleil  forcirculatin^  ivater  llirongh  auxiliary 
condenser. 
Fan  en^nc  biiiI  IjiI^ic  donkcj  running  tbroogbont ; 
feed  donkey  aa  rei|iiireil. 
Do.         do.        tobea  anept  booh  after  midnight. 
EaginM  u  before. 
Do. 
Do.     Lighu ai atqoartcn from lOa-m.  loSp.ra. 


Jan.  22  .. 


51 


-      -.'.8 


Started  si  7  a.m.  o._ 
above  olBcnntioiis  heinj 


Reducing  valve   oi 

Wo.  2  enpne.  bnl  this  w 

t*!}-  mtiefjn[fir>  iniinnf. 

En^iaea  cxhanelinff. 


with  Electric  Engine  stopped. 


I  Fan   engine  and  doakcvH  aa  abave,  and  steam  in 
pipet  op  to  electric  engine*- 


Ibt.  in  7  daji  for  8S3  cwt.  of  coal  —  9-16  portent, 
boiler. 
'  4<l  cwt.     Coal  used  for  n]i.iiitaiDiag  itesm  under  tbc  ume 
No.  1  enginB    ipiieil  ~  M  cwt. ;  leaving  (12  cwt.   ]>er  'H  bo'irn  ns  llie  iddilional 
d(  jc  required  for  electric  engine  ivhcn  tbc  hoiler  i«  alreailv  in  nac 
(k  £    a.    d: 

No.  ]  (Snd  lii   cwt.  per  day,  at  liia.  per  ton  (Rate  Book  pri^ej     8    8    0 

rlaj  at  Si.  :!d.  per  ga3[on  0  lH    4 

12b.  ed.  per  cwt,  0    2    0 
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Total  per  week 
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Dynamos  fitted  in  "  Coloasus." 


DWt. 


ken. 


Hall. 


is.i.se 


16.1.66 
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17.1.86       -^ 


18.1.86 
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19.1.85 
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20.1.86 
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21.1.B6 
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nunod. 
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'liia. 


■  2  do. 


'2  do. 


li  do. 


'  11  do. 


l(!o. 


12* 


Waits 

ooa- 


tlb. 


ido. 


ido. 


ido. 


Ho- 


Ido. 


iio. 


Si 


The  ciMnge  of  load  froin  No.  1  to 
Mo.  2  DjQUDO  «u  mads  mt  9  a.m. 


Th«  change  of  load  from  Ko.   2  to 
No.  8  Djnaino  wm  iii«de  at  9  a.Bi. 


The  change  of  load  from  No.  8  to 
No.  1  l^nuno  vat  made  at  9  a.m. 


£   ».  d 


£   ».  i. 

The  price  of  tampt      0    3  6  each 

Do.       oil  (iperm)  0    6  0  per  gal. 

Do.       waste  1  12  6cwt. 


•ken 


Total  of  lamp*      ... 
Do.      oi! 

Do.      wute 

£    a.     i. 

11  14    6 
0    9    41 
0    V    <i^ 

Omttd  total  ... 

£\1    ^W 
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W     Annual  Cost  of  each  Si'stem  in  H.M.S.  "Colosscs." 


Okhinibt  Lront. 

Eucmic  LtoHT. 

£      B. 

InWreat  on  eort  of  plant, 

at  6  percent 31  11 

Depreciatlun,  at   10  per 

cent.    ., 63    4 

Oil  and  cundlea     1,964    0 

d. 
0 

0 

0 

£     «.   d. 

Interest  on  cost  of  plant, 

at  6  per  cent 121    8    0 

DeprecincioE,  at   10  per 

cent 242  16    0 

Glow  lumps,  S86  in  No.  50  0  0 
CoalE,  oil,  and  waste  ...  501  3  0 
Balance    in    favoar    of 

electric  light    2,143    9    0 

Total    ...        £>,068  18    0 

Total     ...      £3,058  !6 

0 

The  advantage  of  the  electric,  in  point  of  efficiency  and  safety, 
in  costly  and  complicated  ships  of  the  "  Colossus "  class,  can  hardly 
be  estimated  ;  but,  combined  with  the  saving  in  annual  cost 
shawn  by  this  trial,  the  general  application  of  electric  light  to  all 
large  ships  of  the  Royal  Navy  may  he  considered  as  certain  in 
^ture. 

I    Being  asked  by  the  President  whether  he  had  any  further 
remarks  to  add  to  the  paper, 

Mr.  Farquhaksox  said ;  There  is  only  one  remark  that  T  wish 
to  make — which  will  be,  perhaps,  information  that  you  will  be  glad 
to  hear — and  that  is,  that  the  figures  given  in  the  paper  have  not 
failed  to  produce  the  effect  that  was  expected  from  them.  Their 
Lordships  have  already  given  a  general  order  that  all  mastless 
ships  shall  be  fitted  with  internal  electric  light,  and  that  will  be 
done  without  farther  question  or  authority.  That  does  not  mean 
that  other  ships  will  not  be  fitted.  This,  I  think,  ia  the  only 
remark  I  have  to  make. 

The  President  :  I  will  now  ask  you  to  discuss  Mr.  Farquhar- 
son'a  paper.  From  the  very  satisfactory  results  that  he  has 
given  us  to-night,  it.  is  evident  that  electrical  shii>-lighting  is  a 
great  success.  One  advantage  electricity  has  in  this  application 
is  that  it  has  not  its  great  opponent,  gas,  to  contend  with.  No 
doubt  for  safety  from  fire  there  can  be  no  system  that  can  be 
better  aiiited  than  electricity  for  ehip-lightiug. 
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I  will  ask  any  gentleman  to  kindly  offer  any  remarks,  or  ask 
any  questiona  he  may  desire,  on  Mr.  Farquliarson's  paper  on  ship 
lighting,  or  to  give  us   any  information  he  may  have  on  tl 
suhject. 

Sir  David   Salomons  :   There  ia   one  remark  I  should  lik 
to  make  on  this  paper,  and  that  is  not  by  way  of  criticiam,  buj 
rather,  I  should  say,  as  a  question.     I  notice,  on  reading  the" 
column  of  temperatures,   that  the  temperature  of  the  dynamo 
room  was  Bomething  Uke  80  degrees.     I  should   Uke  to  knoi^^ 
whether  this  was  due  to  the  pecuUar  position  of  the  room,  or  to 
the  fact  that  the  dynamos  used  heated  the  room  from  the  coiUj 
themselves  becoming  hot. 

Mr.  J.  N.  Shoolbred:  I  notice  in  Table  B  it  is  stated, tbati 
less  than  62  lamps  were  broken  out  of  the  400  that  were  on  tria 
during  the  week.  It  must  be  admitted  that  that  is  a  very  large 
proportion,  and  I  would  ask  whether  that  may  not  be  due  to  ihe 
lamps  being  kept  too  closely  up  to  the  nominal  candle-power? 
would  venture,  from  the  result  of  my  own  experience,  to  say  iha 
it  is.  Mr,  Farquharson  givea  no  information  as  to  what  instr 
ment  he  used  to  carry  out  his  experiments.  In  my  own  exijerienc 
I  have  used  a  number  of  different  instruments,  all  supposed  to  be 
very  accurate,  and  have  found  great,  differences  in  the  result^_ 
obtaiued — from  10  to  15  per  cent:  a  difference  which  means  ^| 
proper,  or  an  undue  use  of  a  lamp,  according  to  the  standard  bj 
which  it  was  originally  made.  The  present  state  of  our  voltmeters 
is  unsatisfactory,  because  one  cannot  be  quite  certain  as  to  whether 
the  result  is  correct  or  not.  On  inquiring,  a  short,  time  back,  as 
to  whether  there  was  anyprohability  of  onr  getting  a  standard  voll- 
meter,  not  merely  for  one  or  two  volts,  but  say  up  to  HOO  volt 
I  had  the  pleasure  of  hearing,  from  Sir.  Wm.  Thomson,  that 
expects  very  shortly  to  put  before  the  public  a  standard  voltme 
which  will  be  able  to  standardise  any  lamps  up  to  200  volts. 
iu,  I  understand,  a  very  simple  instrument,  and  within  the  rea 
of  all ;  as  such,  it  will,  I  am  sure,  be  welcomed  by  every  one  of  i 

With  regai-d  to  the  cost  of  electric  lighting  on  board  ship,  foso 
some  esperience  I  myself  have  had,  and  from  the  result  of  ca 
.experimentB,  where  steam  is  used  iiomW^ft bwWts — as  1 8U[ 
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the  case  in  f  his  instance — I  am  of  opinion  that,  with  50  lamps 
ing  about  five  hours  per  night,  the  expense  of  steam,  &c., 
shotild  be  about  one  shilling ;  that  is,  for  200  lamp-hours.  Now, 
supposing  the  average  life  of  the  lamp  itself  to  be  about  1,250  hours, 
one-fifth  of  its  cost,  or  say  one  shilling  more,  would  have  to  be 
farther  addeil  for  depreciation.  Therefore,  250  lamp-hours  would 
cost  about  two  shillings,  including  depreciation,  or  about  iV  cf  a 
penny  per  lam^^hour.  This  shows  how  very  much  more  ecouomi- 
cal  lighting  by  electricity  is  than  by  oil,  on  board  sliip, 

Mr.  J.  SivisijDKSE:  I  should  like  to  point  out  that  the 
Bo-called  tirae  tests  we  read  about  really  mean  notliing  at  all. 
We  do  not  know  that  lamps  really  have  what  is  called  a  "  life ; " 
it  is  as  probable  that  there  is  an  eiSciency  under  which  a  lamp 
will  be  practically  indestructible,  and  above  which  it  will  soon 
break.  If  lamps  have  wliat  is  called  a  "life,"  to  test  it  would 
require  a  governor  to  control  the  circuit  within  certainly  one-half 
per  cent.,  and  a  registering  instrument  to  check  the  governor. 
The  resistance  of  the  lamps  would  also  have  to  be  taken  con- 
tinually. In  lamp-testing  the  ratio  of  the  light  given  to  the 
photometer  to  the  total  light  must  be  carefully  determined ;  the 
light  standard  must  be  accurate ;  and  if  a  gas  photometer  is  used, 
it  must  be  corrected  for  deviations  from  the  law  of  inverse 
squarea.  The  instruments  used  must  be  accurate,  and  the 
voltmeters  and  ammeters  in  the  market  cannot  be  taken  as 
correct.  I  have  tested  most  of  these,  and  found  only  one  volt- 
meter and  ammeter  within  one-half  per  cent..  There  ai'e 
innumemble  points  like  these,  apparently  small,  in  connection 
with  lamp-testing,  but  I  have  perhaps  mentioned  enough  to  show 
the  absurdity  of  the  so-called  time  tests  of  lamps. 

Professor  Avhton  :  You  spoke  about  an  ammeter  not  being 
within  one-half  jjer  cent.  One-half  per  cent,  of  what?  What 
was  the  standard  ? 

Mr.  SwiNBPHSE :  The  instrumenta  were  checked  with  two  of 
Sir  W.  Thomson's  tangent  instruments  in  our  photometer  room, 
The  tangent  scales  of  these  were  checked  and  found  correct  at  a 
convenient  distance  out,  though  the  resistance  of  the  voltmeter 
was  VTOttg,  being  marked  so  many  Rayleigk  okma,  aiA  xiisii^  'OosX 
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number  of  B.A.  ohms.     Probably  the  maker  has  been  mixiDg  h^H 
resistancea.     The  voltmeter   is   periodically   calibrated    in   BA, 
volts   from  a  Clark  cell  by  the   Poggendorff  method,  and  the 
ammeter  by  deposition,      A  standard  resistance   between  the. 
was  used  for  checking  them. 

Professor  Ayrton  :  The  voltmeters  in  the  market  have  five 
distinct  errors — first,  the  error  arising  from  the  volt  standard 
employed  by  the  maker  being  wrong ;  second,  age  error,  especially 
noticeable  in  permanent  magnet  instmmentB,  in  consequence  of 
which  the  instrument,  even  if  graduated  quite  correctly  when 
constructed,  does  not  indicate  correctly  when  subsequently  used ; 
third,  remanent  magnetism  error,  noticeable  in  any  instrnmcDt 
which  has  much  iron,  and  producing  the  effect  that  the  readings 
for  increasing  currents  do  not  agree  with  those  for  decreasing 
currents ;  fourth,  extraneous  disturbance  error,  to  which  all  needle 
instruments  are  more  or  less  subject ;  fifth,  temperature  error, 
causing  a  change  in  the  resistance  of  the  instrument,  this  error 
arising  partly  from  changes  of  temperature  of  the  room,  and  partly 
from  the  heat  developed  by  the  current  passing  through  the 
instrument.  The  volt  standards  employed  by  different  makers 
differ  often  as  much  as  five  per  cent.,  and  it  is  of  the  greatest 
practical  importance  that  greater  care  should  be  taken  to  U9e  ft 
standard  which  agrees  more  nearly  with  the  legal  volt.  The  third 
error  is  also  very  serious,  for  I  have  tested  some  of  the  so-called 
"  electro- magnetic  "  current  meters  in  the  market,  and  I  have 
found  that  the  readings  in  the  lower  part  of  the  scale  varied  by 
over  30  per  cent.,  depending  on  whether  the  current  to  be  tested 
was  increasing  or  diminishing.  The  extraneous  magnetic  dis- 
turbance is  also  very  great  in  this  type  of  instrument,  and  I  know 
of  one  voltmeter  which  indicated  a  hundred  volts  directly  the 
dynamo  was  started,  and  before  any  wires  were  attached  to  tbe 
voltmeter  itself.  The  question  of  avoiding  these  extraneous  dis- 
turbances is  a  subject  which  has  interested  my  colleague  and  myself 
for  a  long  period.  \Ve  adopted  successively  various  devices,  such  as 
a  powerful  controlling  magnet ,  or  siuroonding  the  instrument  with 
iron;  but  the  best  arrangement  that  we  have  found  is  the  one  ea^H 
ployed  by  us  two  years  ago  in  oui  Ta&g&\^-j\-vi^  s'jTOi.^mRtnimeDt," 
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and,  indeed,  is,  I  understand,  the  airangement  Sir  William  Tliomson 
has,  among  other  improveraentB,  adopted  in  his  lutest  inBtrument, 
referred  to  this  evening  by  Mr.  Shoolbred,  but  not  yet  shown 
to  the  pubUc.  This  device  consiata  in  using,  not  a  motion  of 
rotation  in  the  thing  which  is  moved,  and  the  motion  of  which 
measures  the  E.M.F.,  or,  it  may  be,  the  current  in  the  case  of 
an  ammeter,  but  to  secure  a.  motion  of  translation.  It  is  a  most 
important  thing,  far  the  reason  that  a  uniform  magnetic  field,  no 
matter  how  strong,  produces  no  motion  of  translation — only  a 
motion  of  rotation — and  therefore,  if  the  moving  thing  has  sold/y 
a  motion  of  translation,  we  can  put  it  as  near  as  you  like  to  a  most 
powerful  dynamo  and  practically  no  disturbance  is  produced.  Of 
conrae  it  is  well  known  that  any  small  space — over  the  area  of  this 
sheet  of  paper,  for  example — has  practically  a  uniform  magnetic 
field  throughout  it,  even  although  it  may  be  within  three  or  four 
feet  of  a  powerful  dj-namo  machine  ;  and  hence  throughout  that 
space  no  motion  of  translation  is  produced  by  that  magnetic  field. 
Aa  a  well-known  example  of  this  principle,  I  may  remind  you  that 
the  earth  has  no  tendency  to  move  a  compass-needle  bodily.  Sir 
William  Thomson  has,  I  understand,  used  this  principle  in  his 
new  instrument  by  suspending  a  small  iron  ball,  which  is  pulled 
down  by  a  coil.  We,  on  the  other  hand,  have  used  a  small  metal 
cylinder,  which  is  sucked  bodily  downwards  into  a  coil,  'Which- 
ever plan  you  employ  you  have  a  motion  of  translation  and  not  of 
rotation,  and  hence  you  have  an  arrangement  screened  from  this 
extraneous  magnetic  disturbance.  I  am  inclined  to  think  that  no 
arrangement  of  turning  on  a  pivot,  as  with  a  suspended  needle, 
or,  in  fact,  any  device  where  there  is  a  turning,  can  be  successful 
in  instruments  to  be  used  in  dynamo  rooms ;  and  this  I  consider 
to  be  one  very  serious  fault  in  almost  all  the  instruments  which 
are  in  the  market.  The  error  arising  from  the  change  of  resistance 
of  a  voltmeter  due  to  the  heating  caused  by  the  current  passing 
through  it,  is  one  that  has  also  been  engaging  our  attention,  and 
we  have  concluded  that  in  avoiding  this  error  nothing  is  gained 
by  winding  the  coil  producing  the  magnetic  deflection  with 
German  silver  wire  in  place  of  copper. 

Sir.  SwiNBUBNB :  I  do  not  want  to  take  u.^  t\ie  ■w^iAe  ftvw«a%. 
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bat  I  mast  say  that  I  have  tested  only  oae  of  Professor  Ayrtou'a 
new  inBtraments.  It  trae  too  close  to  oar  iDstruments  for  O^^M 
atandard  of  volta  to  be  five  per  cent,  ivrong.  Other  errors  are  due 
to  temperature  and  to  retention  of  magnetism  with  a  falling 
current.  The  two  I  referred  to  as  correct  are  not  translation 
instruments,  being  Messrs.  Crompton  &  Kapp's.  They  were  tested 
vith  currents  rising  and  falling  without  jumps,  but  were  lu^H 
near  any  dynamo.  ^B 

Mr.  Cromiton:  I  want  to  call  attention  to  a  point  in  Mr. 
Farqubarson's  paper  which,  I  think,  ought  to  be  noticed.  I  wi^^| 
to  exiilain  Hint  I  have  no  desire  to  criticise  the  paper  adverseljf^^ 
because  I  think  that  the  result  is  so  entirely  satisfactory  to  us, 
electric-light  engineers,  that  it  would  be  invidious  to  do  so. 
But  I  think,  for  the  credit  of  electric-light  engineering  generally, 
we  ought  to  call  attention  to  the  fact  that,  although  the  resnlts 
in  this  case  are  good  they,  are  not  as  good  as  can  he  obtained. 
There  are  certain  conditions  in  the  working  of  these  trialB 
which  conduce  to  this  result.  For  instance,  if  we  compare 
the  work  done  with  the  coal  consumed,  the  result  is  not 
favourable.  This  is  due  no  doubt  to  the  very  low  pressure 
ordered  to  be  used  on  Her  Majesty's  ships,  and  to  other 
conditions  we  know  of  whicb  militate  against  high  economy, 
but  which  readers  of  the  published  proceedings  of  this  Society  may 
not  be  aware  of.  Apparently  the  mean  horse-power  throughout 
the  twenty-four  boars  works  out  at  a  little  over  IS^  h.p.  The 
total  weight  of  coal  divided  by  this  figure  gives  3^  cwt.  per  h.p., 
which  are  not  good  results,  and  is  much  higher  than  is  now 
ttsual  J  but  I  think  it  is  partially  explained  by  the  fact  thai 
the  authorities  insist  on  the  use  of  very  low  pressure  etetiin, 
as  many  of  our  ironclads  have  old  and  partially  worn-out  boilers, 
and  these  boilers  are  not  supposed  to  work  with  more  than  15 
lbs.  of  steam.  Now,  I  need  hardly  tell  you  that  15  lbs.  of  steam  ii^ 
not  an  economical  pressure  to  work  at.  I  do  not  know  whether 
or  no  the  pressure  in  this  particular  case  was  so  low  as  this,  but, 
at  any  rate,  the  engines  used  were  not  the  engines  of  the  present 
day,  i.e.,  the  modem  compound  engine,  I  will  show  you  what  a 
difference  this  economy  in  coaX  -wQxAi  \'U'\'sh.    Yw  instance,  ire 
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could  get  tliis  coal  bill  down  from  £8  8s.  per  week  to  £3  la.,  i.e., 
£5  7s.  per  week.  The  difference  is  enormous.  If  it  was  not  that 
electricity  had  such  a  very  expensive  rival  to  contend  with  in  the 
shape  of  oil,  it  might  easily  have  got  beaten. 

Dr.  J'leming  :  I  notice.  Sir,  that  in  >Ir.  Farquharson'a  data 
hich  he  has  given  ns,  mention  is  made  of  62  lamps  which  had 
;heir  fibres  broken  in  the  course  of  the  trial  run.  I  do  not  see  on 
the  pajier  any  figures — which  I  should  like  to  have  seen — indi- 
cating the  time  they  had  previously  been  burning.  Merely  to 
say  that  in  188  hours 

Mr.  Fahqudarsos  :    They  had  not  been  burned  at  all. 

Dr.  Fleming  :    Out  of  how  many  were  there  62  broken  ? 

Ml-.  Faeqdharsos  :    Out  of  400. 

Dr.  P'LEMrsG  :  Because  if  we  had  such  data  as  this,  together 
with  the  more  important  data  of  the  candles  per  horae-powcr  at 
which  they  were  burned,  we  should  have  something  which  uould 
be  made  use  of  in  discussing  the  i^aestion  of  their  life,  I 

Profeaaor  Ayrton  has  just  told  us  that  lamp  makers  are 
certain  as  to  the  value  of  eleetro-motive  force  to  the  extent  of 
five  per  cent.  I  must  say  that  I  cannot  agree  with  him  there. 
Thia  I  do  know,  that  there  is  the  greatest  divergency  between 
different  voltmeters  professing  to  indic^ite  legal  volts.  The  correct 
standard  of  E.M.F,  in  which  lamps  ought  to  be  marked  is  the 
legal  volt;  and  voltmeters  in  ose  ought  to  be  calibrated  and 
standardised  iu  position  by  the  uae  of  some  known  standard,  such 
as  a  Clark's  cell,  whose  value  in  real  volts  is  1-435,  according  to 
Lord  Eayleigli'a  most  recent  researches.  It  is  impossible  to  trust 
to  figures  on  a  scale.  Nearly  all  instruments  in  the  market  are 
more  or  less  iucorrect,  and  even  Sir  W.  Thomson's  beautiful  graded 
galvanometers  require  careful  standardisation  to  correct  for  scale 
error  and  want  of  permanency  in  the  magnet. 

Mr.  SbooibreJ  has  given  us  some  facts  about  the  duration  of 
.Swan  lamps,  I  do  not  know  if  he  has  any  data  as  to  the  candles 
per  horse-power  at  wliich  they  were  worked.  What  we  require  to 
know  is  the  watts  per  candle-power  which  is  shown  in  practice  to 
give  a  satisfactory  life,  and  data  as  to  life  apart  from  other  facta 
are  not  much   use.     The   real   modulus  w\nc\v  4eVe"nsmi.e'6  Vlsifc 
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relative  value  of  incandescence  lamps  for  commercial  purpoBes 
not  the  watta  per  candle-power  alone,  but  tbe  product  of 
candles'  light  per  horse-power  and  the  average  life,  divided 
the  yirice,  and  this  numeric  gives  their  relative  usefulness. 

Mr.  Thotteh  ;  One  question  I  should  like  to  ask.  In 
remarks  about  the  lamps  Dr.  Fleming  has  raised  the  point,  tl 
we  want  to  know,  not  only  the  volts  and  candle-power,  or  candl 
per  horse-power,  but  the  degree  of  incandescence.  It  appears 
that  the  lamps  were  all  taken  at  their  nominal  candle-power, 
which  of  course  is  what  the  consumer  wants.  In  no  case  were 
81  volts  reached,  and  the  candle-^TOwer  never  reaches  21.  It 
cotnes  very  near  it.  It  would  be  interesting  to  know  whether 
these  lamps  appeared  to  be  overrun  at  too  white  a  coloor,  il 
which  case  it  is  probable  that  the  makers  had  an  incorrect 
standard  of  volts.  If  the  lamps  were  very  white  probably  lliis 
would  be  the  case,  and  perhaps  some  excuse  for  their  V' 
short  life. 


^ 


Mr,  P.  Sellon  :  A  good  deal  of  attention  baa  been  drawn  daring 

the  evening  to  what  at  first  sight  appears  to  constitute  a  serious- 
item  in  the  results  of  the  seven  days'  trial  on  the  "Coloesoaj^ 
namely,  the  breakage  of  so  naany  filaments  in  the  incandescence 
lamps ;  and  as  I  was  present  not  only  during  tbe  seven  davs'  trial 
of  which  Mr.  Farqiiharson  has  given  us  the  results,  but  also  during 
several  previous  trials  made  on  board,  I  may  be  able  to  afford  some 
explanation  on  this  point.  As  the  "  Colossus  "  is  the  first  t!h)]i 
lighted  throughout  and  fitted  with  electrical  to  the  exclusion  of 
every  other  form  of  lighting,  a  considerable  amount  of  experi- 
menting of  one  kind  and  another  was  gone  through,  such,  for 
instance,  as  trying  the  effect  of  steadying  a  hand-worked  pro- 
jector focussing  lamp  by  burning  a  certain  number  of  incandescence 
lamps  in  parallel  circuit  with  it  at  tbe  same  time ;  and,  further,  the 
effect  of  throwing  a  large  nunnber  of  lamps  suddenly  off  and  on  in 
order  to  test  the  self-regulating  properties  of  the  dynamos  before 
the  engine-governors  were  adjusted,  and  varying  this  outside  load 
to  an  extent  that  would  seldom,  if  ever,  obtdin  in  practical  working. 
I  say  that  euch  trials  as  these,  though  most  interesting  and 
essential,  imposed  n  cona\deia.\)VK  «\.Ta.vo.  m^u  the  lamps  ;  and  tbe 
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damage  done  by  this  "  oveivincandeBcence "  of  the  filament* 
natunUly  showed  itself  by  the  diminished  life  of  some  lamps.  The 
efficiency  of  the  lamps  on  the  "  Colossiia,"  which  are  of  80  volts 
and  of  20  and  10  candle-i»wer,  is  elightly  under  2-5  watts  per 
caodle.  Experience  will  prove  what  is  the  most  suitable  efficiency 
to  employ  on  board  ship,  and  how  far  extra  size  and  extra  weight 
of  engines  and  dynamos,  and  extra  coal  consumption,  &c.,  involved 
by  the  use  of  lower  efficiency  lamps — say  4  to  j  watts  jier  ciindle. 
power — will  be  compensated  for  by  a  longer  life  of  the  lamps ;  but 
it  must  not  be  forgotten  that  in  the  present  case,  and  by  the  use 
of  lamps  supplied  to  work  at  the  above-mentioned  efficiency — for 
vhich  a  life,  as  mentioned  by  Mr.  Farquharson  in  his  paper,  may 
be  relied  upon,under  guarantee,  of  1,000  hours,  when  worked  under 
favourable  conditions — a  single  dynamo  is  enabled  to  light  the 
whole  of  the  vessel  sufficiently  to  conduct  or  resist  a  night  attack, 
thus  necessitating  a  second  dyaamo  only  in  cuse  the  projectors 
OD  the  vessel  required  to  be  in  operation  at  the  same  time ; 
whereas  with  lower  efficiency  lamps  a  third  dynamo — acting  on 
the  "  Colossus "  as  a  spare — would  require  to  work  at  the  same  time 
as  No,  1  dynamo  to  supply  sufficient  light  for  the  vessel,  and  thus 
DO  reeerre,  in  case  of  accident  to  a  single  engine  and  dynamo, 
would  be  at  Land. 

Mr.  A.  Siemens  ;  Mr.  Sellon's  statement  that  the  "  Colossus  " 
vas  the  tirat  war-ship  lighted  throughout  is  hardly  correct,  as  our 
6nn  had  completed  the  hghting  of  the  Branilian  ironclad 
"  Riiichuflo"  before  the  installation  on  the  "  Colossus  "  was  com- 
menced, and  the  arrangements  made  there  have  been  imitated 
to  a  large  extent  on  the  "Colossus."  We  were  also  fitting  the 
torpedo  ram  "  Polyphemus "  at  Portsmouth  while  the  lights  on 
the  "Colossus"  were  being  fitted. 

The  reason  for  the  excessive  breakage  of  lamps  during  tlie 
trial  described  by  Mr.  Farquharson  -was,  as  far  as  I  know,  that  the 
lamps  were  of  an  inferior  quality,  and  this  seems  to  be  borne  out 
by  the  fact  that  the  whole  lot  were  afterwards  removed  and 
replaced  by  others.  This  bad  lot  of  lamps  canuot  at  all  be  taken 
as  a  criterion  of  the  cost  of  lighting  ships  by  electricity,  for  I  am 
perfectly  sure  that  if  there  were  anything  Uk<i  Vtie  \iTw:J(^^^'a  qI. 
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sixty  lamps  out  of  fonr  hundred  per  week,  no  lighting  on  ships 
oould  be  carried  on.  As  a  contrast  I  may  say  that  lately  the 
8.8.  "Carthage"  went  out  to  New  Zealand  and  Ciime  back,  and 
broke  only  one  lamp  on  the  trip.  But  thc-u,  of  course,  the  lamp." 
were  not  run  up  to  their  most  brilliant  candle-power,  but  so  that 
they  gave  sufficient  light  for  the  ship's  use ;  and  that,  I  think,  is 
the  proper  way  of  treating  lamps — to  get  the  light  out.  of  tbem 
which  you  reallv  require,  and  still  run  them  so  low  that  their  life 
is  prolonged,  I  may  say  at  once,  as  regards  the  life  of  lamps,  we 
have  fitted  a  number  of  lamps  at  the  Savoy  Theatre,  which  were 
put  in  at  the  beginning  of  1882,  and  do  not  show  any  sign  of 
going  out:  they  are  2(l-eandle  jxjwer,  run  at  18  caudles.  The 
great  secret  of  keeping  lamps  and  improving  their  life  is  that 
they  should  be  started  slowly,  and  strictly  guarded  against  ever 
gelling  too  much  current.     Then  the  lamps  will  last. 

Wr.  F,  WvLES:  With  regard  to  the  question  of  voltmeters, 
a  very  escellent  instrument  is  the  one  patented  by  Capt^n 
Cardew,  and  I  think  if  electricians  would  only  t.ake  the  trouble 
to  find  out  about  this  instrument,  we  should  hear  less  aboot  the 
trouble  of  getting  reliable  information  concerning  the  running  of 
the  lamps.  Then,  again,  with  regard  to  the  life  of  the  lamps, 
we  have  some  lamps  at  work  at  Waterloo  Station  which  have 
certainly  been  nmning  two  thousand  hours.  Others  have  been 
put  in,  and  they  have  given  out  in  less  than  two  hundred  hours. 
Some  of  these,  sent  back  to  the  Edison  Company,  were  returned 
to  us,  and  we  were  told  that  they  had  been  run  at  too  high 
E,M.F,,  but  they  had  been  in  use  under  exactly  the  same  con- 
ditions as  those  which  had  had  the  life  of  two  thousand  hoars. 
I  think  manufacturers  ought  to  guarantee  lamps  to  last  a 
thousand  hours. 

Mr.  Sydney  F.  Walker  :  I  should  like  to  give  my  experience 
with  incandescent  lamps.  I  have  done  a  good  deal  of  colliery 
hghting,  and  perbajis  this  is  as  severe  a  test  as  there  is  for  almost 
any  lamps,  and  my  experience  taUies  with  almost  everyone'* 
Lamps  vary  very  much,  and  every  batch  of  lamps  sent  out  marked 
with  a  certain  E.M,F,  varies  also.  I  recently  had  some  60-Tolt 
lamps  and  65-volt  lamps^  and  ^e  \>\A  tliem.  on  the  same  ciipait 
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and  could  not  see  any  difference,  and  the  plan  I  have  adopted 
invariably  is  the  plan  which  Mr.  Siemens  suggested — to  run  them 
always  under  power.  We  invariably  allow  at  least  o  volts,  and 
sometimes  10  volts  if  we  can,  and  I  find  that  I  get  a  very  greatly 
increased  life.  I  have  had  them  running  in  a  coUiery  where  they 
are  subjected  to  a  very  severe  strain  as  long  aa  three  thousand 
hours.  On  the  other  h.iud,  I  have  had  lamps  go  at  ten  hours. 
But  I  think  a  great  deal  of  the  short  life  of  lamps  is  due  to 
mechanical  injury  in  carriage,  espefially  with  the  higher-resistance 
lamps ;  and  again  I  find,  as  Mr.  Siemens  has  suggested,  that  if  yon 
strain  a  lamp  five  per  cent,  over  its  normal  power  you  have  often 
taken  out  in  one  hour  hundreds  of  hours  of  the  life  of  the  lamp. 

There  is  a  point  I  should  like  to  mention  with  regard  to 
instromcnts,  I  was  putting  up  an  installation  the  other  day,  and 
I  think  I  had  five  or  six  instruments  in  the  engine-house,  and  I 
found  that  none  of  them  agreed.  I  find  that  the  same  instrument 
varies  from  time  to  time.  Of  course  moat  of  the  errors  have  been 
point-ed  out,  but  there  is  one  particular  error  that  I  have  found- 
that  is,  the  pivots  of  the  needles  are  apt  to  get  dirty.  It  is  a 
serious  error.  I  have  had  an  instrument  with  a  permanent  magnet, 
expecting  to  get  one  result,  when,  owing  to  the  pivots  baring 
rusted,  we  have  got  the  opposite  result,  and  we  did  not  get  back  to 
the  proper  result  again  until  we  had  had  it  to  pieces  and  recali- 
brated it. 

Mr.  Farql'HARSOS  :  First,  with  regard  to  the  temperature  of 
the  dynamo  room.  The  dynamo  room  is  small,  and  has  only  arti- 
ficial ventilation.  The  whole  heat  of  the  dynamo  room  was  due 
to  the  engine  running  the  dynamos  working  in  a  confined  place 
with  only  artificial  ventilation.  We  cannot  help  ourselves  in  that 
respect.  I  hope  we  may  in  future,  when  we  build  ships  that  are 
to  be  lighted  electrically ;  but  we  are  obliged  to  do  the  best  we 
can,  and  to  keep  the  temperature  as  low  as  we  can. 

Then,  with  regard  to  the  remark  of  Mr.  Shoolbred  as  to  the 
mefuis  of  measuring  the  current,  our  practice  is  to  contract  for 
dynamos  and  engines  to  do  certain  work  under  specified  conditions 
as  to  volts,  amperes,  steam  pressure,  and  speed ;  the  lamps  with 
this  current  to  give  a  specified  candle-power.     M.  &  ^x^^a^m:!^ 
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trial,  generally  made  at  contractors'  works,  with  a  fixed  external 
reaiatauce  approximating  as  nearly  &a  can  be  estimated  to  the 

working  conditiona  in  the   ship,  the  apeed  at  which  the  machine 
does  the  specified  work  is  ascertained  and  marked  on  it  as  it« 
normal.     In  the  preaent  instance  the  inatallation  had  been  tried 
and  accepted  as  fairly  satisfying  the  conditions  of  contract,  and  n^l 
were  now  trying  the  cost  of  lighting  the  ship  under  the  ordinar^^ 
average  conditions    of    working,  according  to  a  programme  as 
detailed  in  ihe  |japer,  and   previooalj  arranged  by  experienoe^f 
officers.     The  detailed  particulare  in  tables  A  and  B  are  intendeii 
to  show  the  conditiona  of  working  under  which  ibe  expense 
incurrecj.     The  current  and  candle-power  were  ascertained  by 
Buoaen  photometer  and  a  duphcate  set  of  measuring  instnuneU 
in  a  room  well  away  from  the  dynamos,    I  believe  one  set 
measuring    inatruments   was  Crompton's,  checked   by   Sieme' 
dynamometer— an  instrument  in  which  we  have  great  faith.  It 
not  neceasary  for  our  purpose  to  go  into  minute  differences  of 
errors  in  lamps  and  instruments  such  aa  have  been  discussed. 
That  may   be   very  interesting   and   very    neceasary    for   aome 
purpoaes,  but  not  for  ours  in  the  present  instance. 

Now,  with  regard  to  the  reaulta  of  this  trial,  I  quite  agi-ee,  and 
every  one  will,  with  the  remarks  made  as  to  the  aflvantagee  of 
running  the  lampa  below  their  normal  candle-power.  But  I 
should  not  like  to  put  before  their  Lordships  a  statement  of  a 
trial  of  20  cimdle-lamps  run  at  16  candles.  If  we  get  20-candle 
lamps  we  try  them  as  20-cand  le  lamps ;  and  we  used  in  this  case 
a  Bunsen  photometer,  taking  the  lamps  in  the  best  position 
possible,  and  obtained  the  candle-power  stated  in  the  table,  our 
endeavoura  being  to  keep  them  as  near  aa  possible  to  the  nominal 
candle-power. 

But  one  objuct  of  this  trial  waa  to  ascertain  and  report — 
whether  favourably  or  unfavourably — upon  the  machines,  the 
lamps,  and  the  engines,  as  tLey  are,  and  not  aa  they  should  be. 
Mr.  Crompton  has  been  rather  severe  about  the  consumption 
of  steam.  Here,  again,  I  must  fall  back  on  the  same  statement 
about  ascertaining  the  actual  state  of  the  case.  We  were  quiio 
aware  that  engines  differ  \erg  Tii\i.ch.  in.  economy,  but  we  had  to 
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deal  with  those  in  the  "  Colossus,"  and  not  with  those  that  may 
be  in  some  other  ship.  But  I  may  say,  with  regard  to  these 
engines,  that  notwithstanding  the  pretty  large  amount  of  steam 
conaumed  for  the  power  given  out,  there  are  other  matters  which 
should  be  considered  with  regard  to  them  besides  economy — that 
is,  the  durability  of  the  engines  under  the  conditions  in  which  we 
expect  them  to  work.  In  this  particular  ship  we  had  a  simple 
form  of  engine  of  a  well-known  and  rehable  type.  We  do  not 
propose  to  have  that  form  of  engine  for  all  further  use  in  lighting 
ships ;  but  you  will  notice  that  in  this  case  the  expense  of  the 
fuel  R-as  not  very  high,  if  you  consider  the  conditions  under 
which  wc  were  working,  and  make  due  allowance  for  loss  of  power 
in  the  dynamo. 

With  regard  to  Mr.  Trotter's  question  as  to  the  whiteness  of 
the  lamps,  I  have  stated  in  the  paper  that  my  own  opinion  is  that 
the  incandescence  of  tlie  lamps  was  too  high.  There  may, 
however,  have  been  faulty  construction  besides  that ;  I  am  not 
prepared  to  say  that  the  lamps  were  otherwise  good. 

When  I  said  that  the  lamps  were  new,  of  course  you  will 
understand  that  1  mean  that  only  the  preliminary  trial  for  taking 
the  installation  off  tlie  contractors'  hands,  and  paying  the  money, 
had  been  made.  We,  of  course,  did  try  the  light,  as  Mr.  Sellon 
has  stated,  for  a  few  hours'  work  on  two  or  three  days — that  was 
alL  So  that  you  will  understand  what  I  mean  by  saying  they 
were  new  lamps. 

I  think  I  have  already  answered  Mr.  Siemens'  observations 
with  regard  to  the  lamps.  I  do  not  know  whether  such  results  as 
these  have  had  any  influence  on  the  lamp  makers,  but  1  find  that 
what  used  to  be  a  20-candle  himp  is  now  marked  16,  and  we,  of 
course,  shall  try  these  lamps  as  16-candles  if  we  have  other  trials 
like  these.  No  doubt  we  shall  get  some  advantage  from  it  in 
durability. 
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ELECTRIC  LIGHTDJG  AT  THE  FORTH  BRIDGE  WORKS. 

By  Jas.  N.  Shoolbred,  B.A.,  M.  Inst.  C.E.,  Member. 

It  Iiaving  been  decided  in  the  autumn  of  1883  by  the  con- 
tractore  for  this  gigantic  engineering  work.  Sir  T.  S.  Tancred, 

Arrol,  &  Co.,  to  light  by  electricity  the  large  works  required  for 
its  construction  and  erection,  the  author  was  deaired  by  them  to 
prepare  plans,  to  take  the  necessary  steps  to  ensure  their  being 
carried  out,  and  to  superintend  the  esecution  thereof. 

The  several  electric  lighting  installations  were  eventually 
constructed,  partly  by  Messrs.  Siemens  Bros.  &  Co.,  Limited,  and 
partly  by  Messrs.  R.  E.  Crompton  &  Co.,  in  the  proportions  here- 
after to  be  dpscribed.  Before  the  end  of  1883  the  entire  of  the 
work  entrusted  to  these  two  eminent  firms  was  successfully 
carried  out,  sinoe  which  time  the  lighting  has  been  carried  on 
umnt«rrupt  edly. 

Having  therefore  stood  the  experience  of  one  and  a  half  yfun, 
including  the  storms  of  two  winters,  and  presenting,  as  the 
installations  do,  many  features  of  complete  novelty,  and  unique 
in  themselves,  it  has  been  deemed  a  subject  of  sufficient  interest, 
to  lay  before  the  members  of  ihe  Society  of  Telegraph-Enginoers 
and  Electricians  a  description  of  these  electric  lighting  works. 

It  will  be  necBfisary,  for  the  proper  understandiiig  of  the 
subject-matter  of  this  paper,  to  give  a  brief  preliminary  ootline 
of  the  geographical  [wsition  and  character  of  the  various  parts, 
and  of  the  several  operations  which  are  required  to  carry  to  ft 
successful  termination  this  enormous  undertaking — the  largeat 
and  most  important  engineering  construction  of  its  kind  whidl 
has  yet  been  attempted, 

The  delay  and  inconvenience,  both  to  jiassengers  and  good!, 
in  the  railway  communications  along  the  East  Coast  of  Scotland, 
occasioned  by  the  long  land  delour  round  the  Frith  of  Forth  bj 
Stirling,  or  else  by  the  steam  ferries  at  Granton,  near  the  affl, 
and  higher  up  at  Qneensferiy,  at  length  decided  the  North 
British  Railway  Company,  in  conjunction  with  the  Great  Northeni 
and  the  North  Eastern  (^\iseia  qI  ^j\ift  "Eaa^  Coast  route  from 
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Loudon  to  Edinburgh)  and  the  Midland  (making  use  of  the 
Waverley  rout.e  to  that  city),  to  construct  conjointly  n  fised 
bridge  across  the  Forth  much  nearer  to  the  sea  than  any  that 
exists  at  preeeut. 

Near  to  the  ancient  burgh  of  South  Queensferry,  about  nine 
miles  west  of  Edinburgh,  the  estuary  of  the  Forth  narrows  in  very 
considerably ;  while  further  inland  it  again  widens  out  somewhat 
in  ita  up])er  reaches.  At  this  jwiiit,  between  South  Queensferry 
on  the  Linlithgow  shore  to  North  (iueensferry  on  the  Fife  side, 
the  extreme  breadth  at  high  water  is  reduced  to  one  mile ;  while 
midway,  or  rather  closer  to  the  Fife  shore,  a  small  island,  called 
Inch  Gttrvie,  abruptly  ri^es  out  of  tLe  very  deep  cliannel,  some 
'200  feet  deep,  which  exists  on  each  side  of  it.  This  site,  in  a  line 
nearly  due  north  and  south,  seems  by  nature  pointed  out  as  the 
most  suitable  one.  It  was  therefore  selected  in  1873  bythe  North 
British  Railway  Company,  and  a  bridge  was  designed  by  the  late 
Sir  Thos.  Boucli,  and  some  of  the  foundations  and  preliminary 
works  of  which  were  actually  begun. 

After  tile  lamentable  disaster  and  loss  of  life  which  occurred 
in  the  overturning  of  the  Tay  Bridge  in  1879,  attention  was  driiwn 
to  the  nature  of  the  design  and  construction  of  that  bridge,  which, 
after  mature  consideration,  it  was  decided  to  abandon, 

One  of  the  results  of  the  lengthy  in<[uirie«  held  by  the  Board 
of  Trade,  and  also  before  Parliamentary  Committees,  was  to  adopt 
the  design  conjointly  submitted  by  Mr.  John  Fowler  and  Mr.  B. 
Baker.  That  design  may  be  briefly  described  as  consisting  of  two 
huge  central  spans  of  1,700  ft.  each,  on  the  continuous  girder 
principle,  and  combining  the  arch,  the  suspension,  and  the  lattice 
girder  in  its  constmction.  At  either  extremity  of  this  double 
opening  is  an  overhanging  cantilever  of  681  feet.  This  jwrtion, 
forming  the  central  \niii-  or  body  of  the  bridge,  is  a  few  yards  ovei" 
one  mile  in  length  between  its  two  extremities  (called  the  "  can- 
tilever piers").  A  viaduct  of  smaller  spans  of  168  feet  each 
farther  continues  the  line  from  each  cantilever  pier  tdl  it  reaches 
the  solid  land  on  either  side  of  the  estuary;  the  total  length  of 
the  bridge  being  8,091  feet,  or  slightly  over  IJ  miles. 
^fe  On  the  south  side  the  majority  of  these  smsi^et  u^-o.^  ts^  o^«t 
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the  water,  which  is  here  much  shallower ;  while  on  the  north  sid* 
'  they  are  all  on  the  land.  These  lengthy  continuations  of  thf 
main  body  of  tiie  bridge  are  in  a  great  meaniire  necessitated  bj 
the  fact  I  hat  the  railway  is  carried  at  a  level  of  150  fee^ 
high  water. 

The  foundations  of  the  piers  are  carried  in  solid  masonry  and 
concrete  from  depths  of  sometimes  as  much  as  70  feet  below  higl; 
water  up  to  a  few  feet  nlwve  high  water.  Almost  all  tht 
remainder  of  the  piers  and  the  superstructure  of  the  bridge  U 
constructed  of  steel  platea  (Siemens  steel),  in  the  form  of  flut 
biMs  and  of  steel  tubes;  some  of  the  latter  being  as  much  M 
twelve  feet  in  diameter.  ^ 

About  125,000  cubic  yards  of  masonry  and  42,000  tons  of 
steel  will  be  used  in  the  construetion  of  the  Forth  Bridge,  tbe 
cost  of  which  will  probably  be  about.  £1,800,000. 

For  the  purposes  of  the  construction  of  tbe  bridge  very  laige 
workshops  have  been  erected  at  South  Queensferry  on  the  taji  uf 
the  Newhail  Brae ;  and  the  offices,  canteen,  central  store^i,  &c.,iik 
also  ail  situated  at  this  spot.  The  principal  duty  demanded  from 
the  electric  light  is  the  illumination  of  all  these  buildings,  l«- 
gether  with  the  surrounding  area  outside,  covering  a  considerable 
amount  of  ground. 

In  order  to  facilitate  tbe  operations  ui>on  the  piers  of  tlte 
smaller  spans  near  to  the  Queensferry  shore,  a  continuous  wooden 
jetty  60  feet  wide  is  constructed  close  alongside  of  the  line, 
commencing  close  to  the  Newhalls  pier  and  extending  into  the 
frith  as  far  as  the  Queensferry  main  piers,  a  distance  of  about 
700  yards,  H 

The  illumination  (1st)  of  the  NewhuJl  works  and  (2nd)  oT 
the  Newliall  staging,  together  with  the  pier  foundalions  along- 
side, forms  the  main  work  for  the  electric  light  on  the  south  aide; 
while  (3rd)  on  the  north  or  Fife  shore,  and  (4th)  on  the  islam! 
of  Inch  Garvie,  in  mid-channel,  smaller  installations  for  the  oat- 
of-door  operations,  as  well  as  the  lighting  of  the  branch  storei 
and  other  buildings  at  each  of  those  places,  form  the  remaining 
work  which  is  at  jiresent  required  of  this  iUuminant,  S 

The  conditions  to  be  iuiMei  ra  ttie  illumination  of  the  ab^ 
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.litiea  (owing  to  the  ever-changing  extent  of  the  demanda  upon 
the  lighting,  and  tlie  variation  in  the  exact  position  of  each  light 
dependent  largely  upon  the  progresB  of  the  work  in  ita  vicinity, 
e  state  of  the  tide,  &c.,  iSc.)  rendered  it  evident  that  the  details 
of  the  lighting  must  be  such  as  to  allow  the  necessary  changefi  to 
be  effected  readily  and  expeclitioualj,  and,  if  neede  he,  even  by 
the  foremen  themselves.  It  likewise  became  clear  that  portions 
of  the  cables,  wires,  and  other  working  jiarts  of  the  system,  would 
be  constantly  within  reach  and  contact  of  the  workmen. 

The  primary  condition  (due  efficiency  of  working  being 
red)  seemed,  therefore,  to  demand  a  system,  simple  in  itself, 
Vhicb  would  inspire  confidence  among  the  workmen  in  the  new 
illuminaut,  and  thus  gradually  remove  the  feelings  of  mistrust 
which  undoubtedly  existed  in  their  minds,  owing  to  certain  past 
and  lamentable  accidents,  some  of  them  attended  with  fatal 
insequences,  in  coimection  with  electric  lighting. 

It  became  evident,  also,  that  while  arc  lights  would  be 
necessary  for  the  outside,  certain  of  the  buildings  (such  as  the 
offices,  stores,  canteen,  residential  premises,  &c.)  required  incan- 
descent lights  ;  and,  again,  that  other  buildiugn,  notably  the  large 
workshops,  demanded  the  use  of  both  large  and  small  lights. 

Tlien,  again,  it  appeared  but  probable  that,  later  on,  the  use  of 
storage  accumulators  might  be  desirable;  and  also  it  might  be 
wished  to  devote  a  portion  of  the  electric  current  to  the  trans- 
mission of  power. 

Thus  it  became  further  endent  that  the  system  selected  for 
the  generation  of  the  electric  current  should  not  necessarily 
exclude  either  of  these  two  last-named  objects. 

To  meet  these  various  conditions  and  requirements  it  waa 
ultimately  decided,  after  mature  consideration,  (Ist)  that  con- 
tinuous-current dynamo  machines  should  be  adopted;  (2nd) 
that  the  dynamo  for  the  outside  arc  lights  (limited  to  sii  in  series 
on  one  circuit)  should  not  have  a  greater  E.M.F.  than  300  volts 
between  the  terminals ;  (3rd)  that  the  dynamos  for  the  incan- 
descent lights,  or  for  the  arc  and  incandescent  lights  conjointly, 
should  be  on  the  compound-wound  principle,  with  a  maximum 

.F.  of   120    volts  between   the  terminals;   the  mcK&da'ytcc^. 
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lamps  to  be  used  in  parallel  series  with  theae  machines  to  have  an 
£Jtf.F.  of  110  volts;  while  with  the  saiDe  machines,  in  lighting 
the  large  workshops,  arc  lamps  in  pairs  (in  series  with  one  another) 
could  be  used  on  the  [parallel  system,  incandescent  lamps  being 
also  placed  in  the  circuit  at  the  same  time,  as  required. 

In  addition  to  the  covered  workshops,  with  their  Tariom 
machines,  furnaces,  &c,,  there  axe  a  number  of  parallel  lines  of 
rails,  forming  a  large  square  uncovered  workshop,  and  termed  the 
"drill  roads."  Upon  these  roads  circulate  large  movable  huts, 
each  containing  circular  frames  fitted  with  an  engine  and  drilling 
machinea,  intended  for  the  formation  of  the  various  steel  tubes, 
lie,  of  the  bridge;  in  fact,  upon  these  "drill  roads"  are  first  put 
together  the  various  parts  of  the  metal  work  of  the  bridge,  previous 
to  their  re-erection  in  situ. 

Here,  as  in  the  large  covered  workshops,  the  une  of  both  arc  and 
incandescent  lights  ia  necessary  ;  but,  a^  the  exact  site  where  each 
kind  of  light  may  be  wanted  varies  with  the  position  of  the  several 
huts,  it  became  necessary  to  provide  for  this  at  certain  fixed  spots 
by  supply,  or  "  service,"  boxes,  whence  readily-fixed  fiexible 
branches  lead  the  current,  to  the  desired  site  of  the  light. 

Along  the  Newhall  staging — projecting,  ae  already  described, 
intfl  the  Frith  of  Forth — a  number  of  arc  lights  had  to  be  prnvideil. 
not  merely  for  the  illumination  of  the  stage,  but  likewise  to  ossisi 
in  getting  in  the  foundations  of  the  various  piers  occurring  at 
intervals  along  its  length.  At  the  seaward  extremity  of  this  slagi- 
are  the  Queensferry  main  piers,  the  foundations  for  which  consist 
of  four  cylindrical  caissons,  grouped  in  a  parallelogram  about 
155  ft,  long  by  120  ft.  broad  (centres). 

Tlie  steel  caissons,  45  ft.  high,  have  a  diameter  at  the  bottom 
of  70  ft.,  diminishing  to  GO  ft.  at  top.  The  bottom  is  left,  open, 
but  about  8  ft.  above  it  a  diaphragm,  or  ceiling,  is  formed,  thus 
converting  the  lower  part  into  a  sort  of  diving  bell,  wherein  the 
workmen,  descending  from  above  through  air-tight  tubes,  and 
working  under  atmospheric  pressure,  gradually  excavate  the  stiff 
clay,  and  so  allow  the  caisson  to  sink  gradually  down  to  Ihe 
required  depth. 


SSpeciai  arrangements  hai  to  ^  ■made  in  order  to  prond 
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incandescent  lights,  fitted  with  strong  water-tight  lanterns,  for 
the  illaminatioD.  The  work  here  contJnues  both  night  and  day 
(on  one  occaaion  as  long  as  840  hours  without  intemijjtion). 
The  special  "  portable  "  dynamo,  com  pound- wound,  here  itrovides 
at  night,  in  addition  to  the  incandescent  lights,  some  arc  lights 
on  the  stage  above. 

This  portion  of  the  electric  lighting,  embracing  all  on  the 
South  Qiieeuaferry  side,  was  entruKted  to,  and  very  efficiently 
carried  out  by,  Messrs.  Siemens  Brothers  &  Co.,  Limited ;  while 
the  two  installations  at  North  Queensfeny  and  at  Inch  Garvie 
were  carried  out  in  a  very  satisfactory  manner  by  Messrs.  R.  E. 

impton  &  Co. 


f 
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The  above  installations  together  contain,  stated  briefly^ — 
Thirteen  dynamo  machines,  developing  about  one  hundred 
and  fifty  electrical  horse-power. 

tOne  hundred  large  arc  lamps  (2,000  candles  each). 
Five  hundred  incandescent  lamps  {20  candles  each), 
A  total  length  of  about  nine  miles  of  mains  has  been  laid  down 
IB  the  \-aiiou9  circuits,  exclusive  of  branch  wires  to  lamps. 

DiSTRiBUTisG  Service  and  Arrasgemests. 
Main,  Wirea,  &c. 

In  designing  the  various  leads,  a  limit  of  1,000  ampfo-es  per 
^■Qare  inch  was  taken  as  the  maximum  current.  This  practically 
reduces  the  average  working  limit  to  about  750  amperes  per 
square  inch,  or,  say,  one  ampere  per  square  millimetre;  or,  again, 
one  and  a  half  square  inches,  nearly,  jier  1,000  amperes — working 
limits  which  have,  severally,  been  used  successfully  and  recom- 
mended by  dist  ingiiished  authorities  on  tbe  subject.  The  working, 
generally,  of  the  mains  under  these  conditions  has  proved  satis- 
factory, no  undue  heating  lia\-ing  been  observed  at  any  i">art.. 

For  a  considerable  portion  of  the  larger  mains,  naked  copper 
wire,  both  stranded  and  also  single  solid,  has  been  used,  with 
earthenware  insulators,  both  outside,  suspended  from  pole  to  i>ole, 
and  also  along  the  interior  of  large  sheds.      The  results  bfl.'te 
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been  satisfactory,  not  merely  as  regards  economy  of  first  cosi. 
but  also  in  respect  to  the  influence  of  the  sea  air  upon  these 
conductors  (in  several  cases  much  exposed  to  the  sea  spray). 

Avarietyof  coverings— made  by  several  firms,  such  as  .Siemens, 
the  India-Rnbber,  &c.,  Co.  (Silvertown ),  Henley,  Callender, 
Phillips,  iSic. — offering  different  degrees  of  insulation,  have  been 
used;  rangingfromhemp-bouad  iron-sheathed  cables. gntta-pereha, 
india-rubber,  &£.,  down  to  tape-bound  coverings.  The  experience 
as  to  the  lasting  value  of  these  cables  and  of  the  material  of  their 
coverings  has  been  very  varied,  and  soraetirnea  anomalous.  Points 
of  imperfection,  such  as  joints  (carelessly  made  at  points  difficult 
of  supervision),  have  led  to  a  more  rapid  deterioration  of  some  of 
these  covered  cables  than  in  the  ease  of  the  naked  copper  mainB 

In  designing  the  various  mains,  branches,  and  other  wires" 
care  was  taken  that  their  resista.nce  should  be  low  compared  with 
the  amonnt  of  current  generally  passing  through  them  respect  iiely. 
That  the  desired  result  has  been  arrived  at  is  evidenced  by  the 
small  loss  of  E.M.F.  experienced  bj'  the  incandescent  lamps, 
some  of  which  are  placed  at  a  considerable  distance  from  the 
dynamo.  This  rate  of  E.M.F.  is  less  than  statements  which  haw, 
eom]>aratively  recently,  been  made  before  several  scientific  socielicj 
would  have  led  one  to  supjMse, 

With  mains  working  with  a  current  of  750  ampdres  per  square 
inch  of  section  of  conductor,  theory  indicates  a  loss  of  3'2  volts 
per  100  yards  of  double  main ;  while  the  result  of  eanefol 
experiments  at  different  iiarts  of  these  works  shows  a  much  smaller 
rate  of  loss  of  E.M.F.  For  instance,  at  the  canteen,  at  South 
Queensferry,  where  the  greatest  loss  occurs  (5  volts),  one  would 
expect  from  the  distance  (over  400  yards  of  double  main)  that  if 
would  have  amounted  to  12  volts  at  least.  The  local  cu-cumstances 
under  which  the  conductors  are  placed  have  no  doubt  much  to  do 
with  this,  for  the  conductors  are  in  most  cases  kept  cool  by 
being  buried  under  the  ground,  or  are  exjiosed  to  the  cooling 
influence  of  the  aea.  The  behaviour  of  similarly  designed  mains 
but  in  another  installation,  where  the  surroundings  are  of 
opposite  nature,  all  tending  to  retain  the  heat,  would  bear  out 
above  remarks. 
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With  respect  to  the  different  coverings  of  the  cables  and 
conductors,  solid  gutta-percha  in  damp,  wet  situations  (and  there 
are  plenty  of  such  in  the  above  installations)  baa  proved  itaelf  to 
be  the  best ;  while  solid  india-rubber  has  been  equally  successM 
where  heat  bad  to  be  encountered.  Bare  overhead  copper,  both 
stranded  aud  solid,  has  stood  well,  so  far,  against  the  sea  spray 
with  which  the  atnjos.phere  is  laden  at  limes.  Cjutta-percha 
steel-bound  cable  for  underground,  and  where  exi)osed  to  the  wash 
of  the  sea,  has  abo  been  fully  succe.ssfui. 

Circuita  for  Arc  Light  in  Seriea. 

In  consequence  of  the  very  varied  calls  upon  these  outside  are 
lights,  which  caused  the  particular  Lights  to  be  osed  on  any 
occasion  to  alter  in  jiosition  according  to  the  requirements  and 
progress  of  the  work  then  going  on,  it  became  necessary  to  have 
special  arrangements  by  which  any  individual  arc  could  be  kept 
alight  or  extinguished  as  required.  It  was  equally  necessary  that 
this  ahoidd  be  done  wthout  impairing  the  efficiency  of  the 
pBTticular  circuit  in  question— that  is,  to  allow  of  any  number  of 
arcs,  ranging  from  the  maximum  number  (six)  down  to  only  one, 
to  be  burning  at  once  on  each  circuit,  according  as  the  occasion 
demanded.  Furthermore,  it  waa  required  that  certain  circuits 
should  have  the  means  of  being  grouped  together,  thus  to  form 
(tempor.iri!y)but  one  circuit,  so  as  to  allow  of  the  full  complement 
(six),  or  less,  being  selected  from  different  parts  of  the  combined 
circuits.  These  neceBsities  occurred  chiefly  at  the  South  Queena- 
feny  works  and  at  the  Xewhall  staging. 

Tbese  peculiar  and  somewhat  novel  conditions  were  met  very 
ingeniously  by  Messrs.  Siemens  in  the  following  manner:— The 
switch-board  common  to  these  arc  lights  in  series  was  provided 
with  a  number  of  contact  plugs,  by  means  of  which  a  variety  of 
combinations  could  be  effected;  the  result  being  that  any  jmr- 
ticular  dynamo  could  be  connected  with  one  or  other  of  the  circuits 
at  wilt,  and  also  that  the:ie  last  could  be  connected  together  as 
desired.  Furthermore,  each  circuit  of  six  lights  was  provided 
vrith  a  set  of  five  German  silver  irire  resistances,  so  that  the 
nomber  of  lights  could  be  altered  at  will  from  one  \,q  ««.,  ot  \Nift 
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entire   six  extinguished.      TheGe  arraiigements  have  proved  ot 
great  value,  and  have  worked  well, 

Circuita  for  Are  Liijhte  in  ParaUeL 

For  the  proper  lighting  of  the  large  workshops,  and  also  o 
drill  roads,  both  arc  and  incandescent  lights  are  reijuircd. 
has  been  done,  as  already  stated,  by  the  use  of  two  large 
tension  dynamos,  one  to  eacli  workshop,  with  a  luasimum  E.MJ". 
of  120  volts,  and  therefore  adapted  for  biiming  in  parallel  the 
110-volt  incandescent  lamps  here  in  use;  in  addition,  the  arc 
lam]is,  also  parallel,  are  placed  in  jtairs  in  sericR,  each  pair  having 
its  own  reaistance-box  to  enable  it  to  bum  steadily  with  the  above 
E^M.F.  Each  dynamo  can  supply  aeven  pairs  of  arc  lamps,  besides 
a  number  of  incandescent  lamps  placed  where  required.  Of 
course,  the  arrangement  being  in  parallel,  each  bridge,  whether  of 
a  pair  of  arcs  or  one  incandescent  lamp,  can  be  turned  on  or  off  at 
will  independently  of  the  rest  of  the  lighting  by  the  dynara^H 
This,  together  with  a  number  of  plug-and-socket  ends  to  the 
flcxiblea  of  movable  incandescent  portable  lamps,  gives  great 
facilities  for  confining  the  illumination  to  any  particular  portion 
only  of  the  workshop,  and  at  the  same  time  of  concentrating  or 
augmenting  the  amount  of  light,  at  any  desired  point,  say  upon  or 
inside  of  a  machine  or  other  piece  of  work. 
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Carbons  fob  Aac  Lights. 

The  result  of  a  considerable  amount  of  working,  in  the  matt 
of  carbons,  with  the  above  arc  lights  in  jiarallel,  showed  thnt 
the  "cored"  carbons,  eBpeoially  those  of  the  best  quahty, 
afforded  a  mnch  steadier  light  for  working  by  than  did  the  solid 
carbon  rods ;  though  the  hourly  consumption  is  greater  in  tlie 
former  than  iu  the  latter  case.  This  experience  is  in  accord anti' 
with  the  results  arrived  at  elsewhere  aa  to  arc  lights  working  ii 
parallel. 

A  series  of  careful  experimentji  upon  the  conj^umptJon  uf 
carbon  rods  with  arc  lights  in  series,  and  also  in  iiorallel,  love 
been  carried  out  here,  and  at  other  installations  which  are  under 
the  sDthor's   direction.    Goced  carbons,  and   also  solid  carbon^ 
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'firora  different  makers,  such  as  Siemens,  Oarre,  Grey,  Brush, 
Kinetic  Engineering  Co.,  &c.,  have  b*en  tried.  Difl'erent  diumeters 
of  carbons,  varying  irom  10  millimetres  to  13  miUimStres,  and 
strengths  of  cuixent  from  12  to  21  amperes,  have  been  used. 
With  respect  to  ihe  cored  carbons,  owing  to  their  softness,  their 
rate  of  cousiitnption  is  fi-om  30  to  50  i)er  cent,  in  excess  of  solid 
ones  of  similar  diameter.  With  solid  carbon  the  rate  of  consump- 
tion varies  considerably.  For  instance,  with  a  13-mi!lim6tre  rod 
and  a  21-arap&re  current,  it  has  been  found  to  range  from  1*9  to  3*0 
inches  per  hour.  Generally  it  may  be  said  that  for  the  larger 
diameters  (within  the  limits  above  named)  the  rate  of  consumption 
diminishes  in  a  degree  which  more  than  compensates  for  the 
increase  in  cost. 
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LfCA-NDESCENT  LaMPS DcHATION  OF. 


The  incandescent  lamps  here  used  are  of  the  Swan  110  voltiB, 
20  c.p.  type.  During  1884  Ihe  form  known  as  the  "loop"  ones 
were  in  universal  use ;  but  since  the  beginning  of  1S85  the 
'•collar"  form  have  been  gradually  i^eidacing  the  former  onea 
when  requiring  to  be  renewed. 

At  this,  and  also  at  other  installations  under  the  author's 
direction  (where  similar  lamps  are  in  use,  under  very  similar 
conditions  of  working),  careful  records  are  being  taken  with  each 
lamjt— when  put  into  use,  its  destination,  the  date  of  ite  ultimate 
fracture,  and  cause  thereof;  together  with  as  much  information 
as  [x>sflible  as  to  the  actual  time  during  which  the  lamp  has  been 
boming.  As  these  records  extend  over  a  period  of  one  and  a  half 
years,  and  embrace  a  large  number  of  lamps,  it  may  be  interesting 
to  give  a  summary  of  the  average  duration  of  these  lamps.  It 
should  be  mentioned  that,  in  the  case  of  most  of  the  lamps, 
the  hours  of  burning  were  long — for  most  of  them  all  night 
through,  and  for  many  others  almost  continuously  night  and  day, 
with  but  very  short  stoppages. 
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1st  Half- Year,     "|   Average  life  of  lamp    400' 
Jan.  to  June,  1884.J   Defective  lamjjs,  35°/o 
{i.e.,  uuder  100  hours  life) 


"  Loop  "  lamps. 


1 


"CoUar"  lamps. 


2nd  Half- Vear,    1    Average  life  of  lamp    730 
July  to  Dec,  1884.J   Defective  lamps,  :i07o- 

3rd  Half- Year,    )   Average  life  of  lamp  1,2001 
Jan,  to  June,  1885.)   Defective  lamps,  IC/q 

The  steady  improvemeiit  in  the  rannufaeture  of  the  lamps  in 
eadi  half-year  is  very  marked  and  satiHfactory ;  but  it  is  the 
evident  superiority  of  the  new  "collar"  type  over  the  old  "loop" 
pattern  which  calls  for  most  attention. 

Many  of  the  new  tyjie  of  lamp  have  a  life  of  2,000  hoars  of 
burning,  some  as  much  as  3,000,  and  even  over.  The  chief  i-auae 
of  tliis  improvement  in  the  lasting  of  the  lamp  is  due  to  the  fiirt 
that  the  platinum  "loops"  no  longer  remain  exposed.  In  the  old 
form  of  lamps  want  of  delicacy  in  handling  these  "loops" 
shortened  considerably,  there  ia  no  doubt,  the  life  of  most  of  those 
lamps;  while  in  the  new  type  of  "  collar,"  as  the  connection  with 
the  circuit  ia  automaticnlly  made  by  the  operation  of  closing  the 
bayonet-joint  in  the  socket,  all  chances  of  damage  to  the  "looiis'" 
by  rough  handling  are  avoided. 

It  is  satisfactory  to  note  that  other  makes  of  incandescent 
lamps,  besides  the  Swan,  are  being  manufactured  with  a  somewhat 
similar  form  of  socket  and  bayonet-joint ;  thus  affording  evident 
proof  of  the  value  of  this  form  of  connection  for  incandescent 
lamps. 

The  desire  of  the  author,  in  the  foregoing  remarks,  has  been 
to  present,  not  merely  an  account  of  the  laying  down  of  the 
electric  installation,  but  also  some  of  the  exiierience  gathered 
during  the  eighteen  months  it  has  been  at  work — jiarticularlj' 
(1st)  as  to  the  distribution  of  the  current  and  the  loss  of  EJU.F. 
consequent  thereon  ;  {2nd)  as  to  the  relative  efficiency  of  different 
types  of  insulating  covers  for  wires;  (3rd)  as  to  the  consumption 
of  carbon  rotls  for  arc  lighting;  and  (4th)  as  to  the  duration  of 
incandescent  lamps,    T\ie  att.t\iOi  Vm^*  \.\\a.^  the  facts  brought 
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forward  may  prove  of  intereat,  lo  the  members^  and  that  some 
addilional  iuformation  on  those  points  mav  be  elicited  during  the 
discus  sic  a. 

In  TOncluHiou.  the  author  begs  to  offer  his  best  thanks  to 
Messrs.  Taccred,  Arrol,  &  Cu.,  to  Messrs.  Siemens  Bros,  it  Co., 
Limited,  and  to  Messra.  R.  E.  Oomjiton  &  Co.,  for  the  assistance 
they  have  afforded  him  to  enable  him  to  bring  forward  the  above 
facts  ;  and  to  Mr.  Sidney  Ba^Ties,  the  resident  electrician  in  charge 
at  the  Forth  Bridge  works,  for  many  of  the  particulars  relative  to 
the  working  of  the  installat  ion,  and  also  for  the  following  interesting 
remarks. 


^  Mr.  Sidney  Baynea  sends  the  following  particulars  on  (he 
working  arratigements  for  the  electric  light  in  the  deep  caissons 
at  the  Forth  Bridge ; — 

"  The  working  chamber  of  the  caisson  (about  60  ft.  in  diameter 
by  8  ft.  high)  is  situate  in  the  lowest  part  of  it,  and  always  is 
under  considerable  atmospheric  pressure.  Its  illumination  is  by 
menns  of  incandescent  Swan  lumps,  110  volts  and  20  c.p.  The 
two  gutta-percha-covered  mains  at  the  surface  pass  into  the  air 
chamber  through  a  stufEng-bo3,  inside  of  which  they  are  provided 
with  J-in.  beuds  to  prevent  chafing,  and  which  tend  to  guide 
them  down  the  large  tube  provided  for  the  descent  or  ascent  of 
the  men.  At  the  bottom,  in  the  working  chamber,  they  are 
connected  to  a  'distributing  plug'  fixed  on  the  ceiling.  This 
'distributing  plug'  consists  of  two  solid  copper  rods  embedded 
in  a  wooden  block,  parallel  with  each  other  and  oue  inch 
ajiart.  In  this  block  tliere  are  eight  square  openings,  each  of 
which  causes  a  sufficient,  surface  of  the  rods  to  be  exirosed  to 
afford  a  good  contact.  This  is  effected  by  the  insL-rtion  of  a 
wooden  plug  having  metal  springs  at  either  side,  these  being 
connected  to  about  six  or  eight  yards  of  twin  wire,  which  leads  to 
an  incandescent  lamp.  These  lamps  are  each  protected  by  a 
spherical  wire-guard,  and  they  are  hung  from  a  hook  in  t  he  ceiling, 
wherever  required.  Each  lamp  is  thus  perfectly  independent, 
and  for  lighting  merely  requires  the  plug  end  to  be  inserted  into 
the  distributing-plug  box. 
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"At  first, whcD  not  much  work  is  going  oHjOiieplug-boxsuffices; 
but  as  the  space  to  be  lighted  becomes  larger,  a  second  plug-box, 
with  a  suitable  longtli  of  branch  main  tiad  a  vrood-plug  temuDai, 
is  inserted  into  one  of  the  holes  of  the  first  dietributing-box ;  and 
BimOarly  with  a  third  and  n  fourth  distribnting-box,  when  required. 

"The  entire  arrangement  is  bo  eimplefeach  part  being  prepared 
above  and  sent  down  complete)  that  the  ordinary  workmen  afe 
quite  able  to  attend  to  their  lamps — lighting,  eKtinguishing,(tf 
renewing  them  themaelves,  us  tlie  case  may  be.  A  defective  lamp 
is  reatUly  replaced  by  withdrawing  its  plug  from  the  distributing- 
box,  a  fresh  one,  ready  to  ha.nd,  with  its  connections,  taking  its 
place,  the  defective  one  being  at  once  sent  above. 

"For  the  protection  of  thedynanioabove,a8afetyfuseisplac«l 
in  circuit  neiir  to  it,  to  guard  against  a  short  circuit;  throngb 
branch  wires  being  cut  by  the  '  hydraulic  s[iades '  in  use,  or  from 
any  other  cause.  In  case  this  fuse  should  melt,  the  man  in  charge 
of  the  djTiamo  replaces  it,  after  a  certain  short  fixed  period  of 
delay,  the  interval  being  utilised  below  to  withdraw  the  eocket-  ,  ^ 
plug  of  the  dtumiged  wire.  ^B 

"Tlie  first  four  of  the  cu-cular  deep-water  caissons  at  South 
Queensferry  have  already  been  fixed  under  the  above  arraugi> 
ments    as   regards  the    electric    lighting.     They    have  provi 
thoroughly  satisfactory,  chiefly  through  their  simplicity. 

"  In   the    case,   however,    of  the  two  southern  deep-wi 
caissons  at  Inch  Garvie,  owing  to  the  very  different  circums 
(the  bottom  being  rock,  which  had  to  be  blasted),  the  illuimiinti< 
of  the  working  chamber  was  effected  by  means  of  three  arc  !am 
of  2,000  candles  each. 

*'  Above  each  lamp  was  a  recess  into  which  it  was  hoisted  fi 
protection  whilst  the  blasting  shots  were  being  fired.     Into  t! 
top  of  this  cap,  or  recess,  was  fitted  a  small  tube  to  carry  off 
products  of  combustion,  whicL  led  into  the  air  chamber,  and  b» 
allowed  the  products  to  escape  into  the  outer  air. 

"Two  circuits,  of  110  volts  EJI.F.,  are  made  use  of  in 
to  guard  against  total  extinction  of  the  light ;   two  of  the  lampi 
in  series,  being  on  one  circuit,  and  the  third  with  a  resistance  (or. 
a  fourth  arc,  if  uecesaMj)  on  \.\ie  oVkei. 
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'*  The  firing  of  the  electric  tases  in  the  working  chamber  also 
forms  an  interesting  feature  in  these  operations.  From  80  to  100 
shots  are  fired  daily.  These  are  arranged  in  parallels  of  about  t«n 
or  twelve  at  one.  time.  Each  shot  has  its  own  pair  of  wires, 
brought  from  the  nearest  diatributing-box,  several  of  which  are 
hang  up  for  the  purpose. 

"  When  the  shots  are  placed,  the  electricity  is  admitted  into 
these  mains  by  means  of  a  double  contact-siiving,  situate  at  the 
toi>  of  the  ascension  tube,  and  kept  under  lock  and  key.  The 
ordinary  dynamo  supplies  the  necessary  electricity. 

"  The  construction  of  the  electric  fuses  themselves  is  ao  simple 
as  not.  to  require  any  insulation  of  the  wires ;  and  although  their 
firing  is  entrusted  'undersea-water,'  to  unskilled  hands,  yet  the 
number  of  failures  is  very  email  indeed.  Tliese  fuses  are  manu- 
factured at  the  Forth  Bridgeworka.at  a  much  leas  cost  than  they 
could  be  purchased." 


The  President  :  I  will  ask  you  to  give  a  vote  of  thanks  to  Jlr. 
Farquharson  for  his  very  excellent  paper,  which  has  brought  out 
such  a  capital  discussion.  As  it  is  so  late,  I  will  only  remark 
that  the  experience  I  have  had  in  the  testing  of  lamps  quite 
agrees  with  the  opinions  of  the  various  speakers.  The  candle- 
power  is  put  too  high  for  the  volt-power,  but  if  the  lamps  were 
16  candle-power  instead  of  20  their  life  would  he  much  prolonged. 
1  would  ask  you  to  give  Mr.  Farquharson  a  hearty  vote  of  thanka, 
Mr.  Slioolhred  has  also  been  kind  enough  to  give  us  a  capital 
description  of  the  Forth  Bridge,  and  the  lighting  of  the  works  in 
progress.  The  great  illumination  afforded  by  the  system  of 
electric  lighting  is  of  great  advantage  in  the  construction  of 
large  works  of  this  kind.  It  has  been  used  by  several  gentlemen 
who  have  had  works  of  this  description  to  carry  out.  Mr, 
Walker,  when  making  the  Swansea  Docks,  found  great  assistance 
from  it,  and  by  its  means  was  able  to  carry  out  his  works  as 
rapidly  by  night  as  by  day.  It  has  also  been  emjiloyed  on 
the  works  of  the  Severn  Tunnel,  and  while  the  Severn  Bridge 
was  being  erected,  and  in  many  other  pla.cea,     1  ^qiA^  "V^-i 
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to  ask  Mr.  Shoolbred   whetJier   the  india-mbber  was  plain 
Tulcanised  vhich  forms  the  inaulatioB  of  the  cable  used  at. 

Forth  Bridge. 

Professor  Jamiesos  :  There  is  one  point  which  Mr.  Shoolbi 


I 


his  paper  that  the  fall  of  E.M.F.  between  the  dynamo  and  i 
certain  lamp  which  was  n  quarter  of  a  mile  distant  (that  is,  with 
half  a  mile  of  leading  wire  ia  circuit)  was  only  5  volts ;    whereas 
theoiy  would  indicate  that  the  fell  should  have  been  altout  12 
volts,  seeing  that  the  size  of  copper  conductor  used  througbo| 
the  installation  was  at  the  rate  of  one  square  inch  for  750  amp^ra^ 
Now,  since  the  product  of  the  current  and  the  resistance  gives  ns 
the  fall  of  E.M.F.  along  any  circuit  (or  E  =  C  x  R),  if  Mr. 
Shoolbred  had  taken  the  resistance  of  the  copper  conductor  of  tll^| 
circuit  in  ijuestion  immediately  before  he  measured  the   fall  o^^ 
E.M.F.,  and  multiplied  it  by  the  current  normally  passing  through 
it  to  light  the  lamp,  he  would  most  undoubtedly  have  got  only^J 
volts  fall  of  E.M.F.  by  either  method,  otherwise  theory  must  be 
wrong !    It  would  be  interesting  to  learn  from  Mr.  Shoolbred  how 
the  oold  weather  could  have  affected  the  fall  of  E,M.F.  eo 
much  as  implied  by  him  in  his  paper." 

Were  any  of  the  iltc  lamps  used  under  water,  and,  if  so,  wi 
was  the  E.M.F.  at  their  terminals  ? 

•  At  Uie  rate  ol  750A  per  square  inch,  Mr.  Btioolbted'i  nearest  (dee 
conductor  for  a  sing-Ie  lamp  reqairiug  '76A  would  ha-re  b«en  No.  19  B.W.O, 

(or'OOU  square  inch  ctoas  area).  HiiK  a  mile  or  tliis  wire.eTenif  of  purucopper, 
would  have  a  riiBiatmice  of  15-4![b  at  60°  Fali. ;  and  allowing  iliai  tbecotd 
weather  at  the  Korth  Bridge  was  aueh  that  the  tuiiii»tature  o[  the  wire  at  tbe 
time  ot  obaervation  was  below  freezing  point,  aiy  at  SO"  Pah.,  the  above 
resistance  would  be  reduced  by  onlj  -21  per  cent,  per  degree  F&h.,  or  to  11-t^ 
Therefore,  since  E  =  C  <  E  r.  -rSA  x  14Mi»  -  10-86V,  fall  uf  E JI.F.  acoordinK 
to  theory.  It  is  moat  nnlikely,  however,  that  a  wire  uf  such  arnill  liie  u 
No.  19  B.W.G.  waa  put  down  for  such  a  length  as  half  a  mile  to  supply  consul 
even  for  only  one  lamp.  A  No,  16  B.W.G.  wire  would  be  nearer  the  nmi»l 
praotiae ;  for  this  wire,  if  ol  Oaperccnt.  conductivity,  would  have  ft  roBistance  of 
S-SSu  at  30"  Fah.  for  half  a  mile,  nad  eonsequently  there  would  be  a  loll  ol 
E.M.F.  —  -TeA  n  635*  —  476  volts,  which  agrees  very  cloaely  with  what  Mr, 
Shoolbred  found  to  be  the  case  by  his  voltmiiter.  Theory  and  praetite  in  such 
matters  always  agree,  if  all  the  circomstauces  are  correctly  noted  and  tak*n 
rutto  consideration.— A.  i. 
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ProfesBor  Ayrtom  How  would  you  find  the  leaistaoce  of  the 
copper  wire  ? 

Professor  Jamieson  :  I  would  liad  the  resistance  by  means  of  a 
"^lieat.slone  Bridge,"  &c.,  ilnme^diately  before  and  after  the 
lighting-up  current  had  been  applied. 

SvDSEY  1'".  Walker:  I  Bbould  like  to  ask  Mr.  Sboolbred 
whether  I  understood  him  to  say  that  four  arc  lamps  from  a 
derived  circuit  was  the  utmost  number  that  had  been  worked  ?  I 
have  lately  been  working  arc  lamps  from  a  derived  circuit,  and,  as 
far  as  I  can  undereitand  the  compound  machine,  there  is  no  diffi- 
culty in  working  any  number  up  to  the  cajiacity  of  the  macliine. 
1  thought  I  understood  >lr.  Sboolbred  to  say  there  were  only  four 
worked. 

Mr.  Shoolbred  :  I  spoke  of  arcs  in  series.  There  were  six  in 
series. 

Mr.  F.  WvLES :  I  woiUd  ask  Mr.  Shoolbred  whether  he  had 
not  found  it  necessary  to  use  compensating  resistances  in  the 
cases  of  arc  lamps  in  parallel  circuit  P 

Sir  David  Salomons  :  A  great  deal  has  been  said  in  the  last 
discussion  on  lamps,  but  I  have  thought  it  best  to  reserve  my 
few  remarks  for  the  present  discussion.  I  have  an  installation  at 
home  which  is  so  arranged  that  throughout  the  year  I  get  a 
fairly  constant  E.M.F,  in  the  mains  of  98  to  102  volts,  according 
to  the  number  of  lamps  alight,  and  I  find  that  the  manufacture 
of  the  lamps  has  certainly  improved.  Of  the  first  lota  of  a  dozen 
at  a  time  of  "  ground  "  lamps,  delivered  about  two  years  ago,  all 
arrived  with  broken  filaments;  these  were  again  and  again 
replaced,  some  three  or  four  dozen  having  been  received  before 
twelve  good  lamps  could  be  secured.  As  time  went  on,  out  of 
Bay  50  or  100  lampa  received,  this  breakage  diminished  to  30  per 
cent.,  15  per  cent.,  and  now  all  arrive  in  good  condition.  But  I 
find  the  lamp-hours  (or  "  life")  for  lOOV  lamps,  20  c.p,,  are  only 
600  on  an  average,  although  some  are  in  good  condition  after  a 
run  approaching  3,000  hours. 

A  gentleman  has  referred  to  the   Cardew  voltmeter.     This 
will,  in  a  great  measure,  be  the  voltmeter  of  the  future.     I  have 
some  five  or  six  voltmeters  in  use,  and  not,  one  ot  ttiem.  c;mi.  \ie, 
I'OL.  XIV,  26 
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altogether  relied  upon.  Mr.  Cromptoii  was  sta^iDg  witli  me  at 
thpi  time  when  I  doubted  the  correctness  of  one  of  the  instni- 
ments.  He  was  good  enough  to  send  for  someone  from  hia 
woi'ka  with  a  standard  instrument,  and  we  found  all  to  disagree 
except  his  own,  so  now  I  get  over  the  difficulty  bj  striking  8^^ 
average  of  the  readings  on  the  various  instruments.  ^M 

I  must  say  it  appears  to  me  that  Mr.  Shoolbred  must  have 
fallen  into  some  error  in  his  calculation  of  the  fall  of  E.SLF.  in 
the  mains,  for  if  in  the  two  cases  given,  had  the  mains  been 
salted  to  their  work,  I  can  hardly  conceive  a  loss  of  60  per  cen 
more  in  one  case  than  in  the  other,  due  to  a  difference  of  t«m] 
tiire  so  small  as  that  named. 

Sir.  H.  E.  Cromfton  :  Sir  David  Salomons  has  aUuded  to  son 
testa  of  the  comparative  accuracy  of  measuring  instruments  : 
by  various  makers,  our  own  included.     To  the  best  of  my  belie 
what  occurred  was  aa  follows  :^In  the  courfle  of  a  Wsit  at  Sir 
David  Salomons'  house,  he  told  me  that  he  was  siurprised  to  find 
that  a  voltmeter  recently  supplied  fay  us  as  a  standard  instmme 
diflTorod  very  considerably  from  one  supplied  by  Messrs.  SiemeE 
also  aa  a  standard  instrnmeiit.     I  therefore  sent  direct  to 
works  for  our  own  standard  instrument,  which  had  been  caref 
calibrated  by  Lord  Rayleigh  and  Mr.  Kapp,  at  Cambridge, 
comparing  this    last-named    instrument   with    the    two   above^ 
menlioued,  I  found  that  all  three  were  practically  in  agreement 
Messrs.   Siemens'   differed   from   ours   in   that  theirs  had 
caUbrated  to  the  old  volt,  whereas  ours  was  calibrated  to  the  ne 
volt  based  on  the  new  ohm.      Sir  David   Salomons  had  sen 
other  instnmients  by  various  makers,  all  of  which  were  found  i 
vary  considerably  from  the  standard, 

I  must  say  that  although  so  much  has  been  said  and  written" 
about  the  inaccuracy  of  the  voltmeter  as  au  instnuneut,  I  cannot 
see  that  it  compares  unfavourably  as  regards  percentage  of 
variations  throughout  its  range,  with  other  pressure-measiiring 
instruments,  such  as  steam  g.iuges, hydraulic  pressure  gauges,  Ste. 
I  am  sure  that  several  of  ns  makers  can  produce  a  voltmeto^— 
that  we  can  guarantee  the  accuracy  of  to  within  one  per  cent.  ^| 
/  cannot  let  this  opportvm.ity  vast  -w^ttiaut  •filing  attention  to 


i] 


DIHCUSSION. 


sss 


I.U-IO 


raaoy  advantages  presented  by  the  voltmeter  invented  by 
ptain  Cardew,  [jnrtienlariy  for  engine-room  use.  As  it  ia 
entirely  independent  of  electro-magnetic  disturbance  it  can  be 
placei.1  absolutely  close  to  the  steam  engine  or  dynamos.  As  far 
as  I  have  been  able  to  judge,  during  the  time  I  have  been  using 
this  instrument,  it  does  not  lose  its  calibration  to  any  considerable 
:nt,  and  even  if  it  does  so,  it  can  be  readily  re-calibrated  by 
he  use  of  standard  instrumeota  of  the  electro-magnetic  class, 
connected  parallel  with  it  and  placed  at  a  distance  from  the 
engine-room. 

The  President:  I  hope  that  all  the  lamp  makers  and  all  the 
measuring  instrument  makers  will  profit  by  the  discussion  to- 
night. That  there  is  great  room  for  improvement  is  quite  evident, 
wliatever  the  faults  may  be.  I  will  now  ask  3Ir.  Shoolbred  to 
reply  to  tho  remarks  on  his  jiaper. 

Mr.  Shoolbred,  in  reply,  said:  The  6rst  question  I  would 
advert  to  is  referring  to  a  remark  of  Mr.  Siemens  in  this  discus- 
sion, about  the  value  of  running  incandescent  lamps  slowly,  and, 
I  would  add  also,  turning  them  off  slowly.  ^ly  own  experience  of 
that  is  that  such  precautions  add  largely  to  the  life  of  the  lamps. 
Likewise,  I  must  also  eoncur  in  his  remark,  that  when  once  a 
lamp  has  been  st.rained,  be  it  for  ever  so  short  a  time,  the  damage 
done  by  that  strain  is  hardly  to  he  calculated ;  and  it  may  prove 
■ery  prejudicial  to  the  life  of  the  lamp. 

The  President  asked,  with  regard  to  the  mains  which  had 
failed,  whether  piu-e  or  vulcanised  rubber  was  em])loyed  as  the 
insulating  material.     I  believe  it  was  pure  rubber. 

As  to  !Mr.  Jamieson's  remarks  respecting  the  difference  between 
the  loss  of  E.M.F.,  as  found  in  the  observations  mentioned  in  the 
jrtiper  and  that  which  theory  indicated,  lie  himself  would  mention 
that  the  observations  had  been  carried  out  mth  great  nire,  and 
they  had  been  repeated  by  different  obsen'ers.  The  theoretical 
current-charge  for  the  condnctors,  in  their  several  parts,  had  been 
observed  as  far  as  possible,  though  of  coiirse  this  was  sim])le  enough 
in  a  laboratory,  yet,  in  practice,  and  with  a  large  network  of 
branching  conductors,  it  was  not  so  easy.  The  chief  reason, 
however,  he  considered,  for  the  diminisjied  \osb  o^  "V.-'^.Y  .  ^  'Ca.ft 
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Forth  Bridge  Works,  as  against  that  which  theory  indicated, 
that  the  conditioiis,  under  which  the  conductors  had  been  COB^ 
eidered  in  theory  (t.f,,  in  the  laboratory),  were  veryroQch  modifie 
in  actual  practice  hy  being  embedded  in  the  soil,  or  carried  over-' 
head  and  exposed  freely  to  the  atmosphere;  or  again,  as  in  the 
other  and  opjiosite  case  he  had  quoted,  where  the  conductors  werdH 
confined  amid  close  and  heated  sniToundings.  These  several  local 
circumstances  viust  alter  the  theoretical  condition  of  the  con- 
ductor and  the  resistance  thereof,  which  would  be  modified  by  llie 
varying  facilities  offered  hy  the  surroundings  for  the  dissipation 
of  its  heat  by  mdiation  and  convection.  This  influence  had, 
moreover,  been  admitted  by  pliysicists,  It  was  satisfactory  to  find 
that,  in  practice,  sometimes,  the  conditions  were  less  severe  than 
theory  imposed. 

With  regard  to  his  inquiry  as  to  the  use  of  arc  lampg  uude^ 
water  {that  it*,  immersed  in  the  water  itself,  I  presume),  I  do 
think  any   have,   so   far,  been   used,  except  in  the  Inch  Garvia 
caissons,  as  mentioned  by  Mr.  Baynes  in  hia  remarks.   Incandesc 
lamps  arerepentedlytakendown  by  di\ersunderwater,and  generally' 
protected  by  special  cases,  and  they  are  therefore  not  exposed  to  the 
immediate  action  of  the  sea  water ;  but  in  the  early  days,  beforqH 
the  cases  were  fitted,  the  lamps  themselves,  in  their  ordinary  slate, 
were  taken  down  attached  to  a  gutta-percha  twin  wire.     It  was 
found  that  the  action  of  the  sea  water  on  the  plathium  loops  soon 
Bet  up  a  chemical  action,  and  they  gave  way  very  quickly, 
question  has  been  asked,  whether  the  arc  lamps  in  parallel  hod  an} 
compensation  resistance.     I  stated  in  the  paper  that  they  had. 

With  regard  to  Sir  David  Salomons'  remarks  about  the  life  of 
the  lamp,  I  perfectly  agree  with  him,  and   the  average   of  600^| 
hours  he  arrived  at  agrees  somewhiit  with  the  730  shown  in  the  " 
majority  of  cases   which  came  under  my  notice.     He  likewise 
admits  that  some  improvement — from  whatever  cause — Las  been 
made  in  the  manufacture  of  these  lamps,  as  experience  is  gaim 
in  their  manufacture.     But  I   maintain  that  the  great  improv' 
meat  is  the  adoption  of  the  peculiar  "collar"  connection;  thu» 
doing  away  with  the  exposure  of  the  platinum  loops  to  rough 
hnndling,  which  always  tends  \,o  ic^Ucrj  t\ve  life  of  the  lamp. 
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Mr.  Crompton's  remarks  with  regard  to  voltmeters  simply  ahow 
;be  necessity  of  getting  a  uniform  interiiretation  of  the  true  volt 
Iby  makers.     I  am  sure  that  moat  of  us  will  welcome  a  suitable 
standard  voltmeter  with  great  pleasiu'e. 

I   have   now   only   to  thank   j'ou,  gentlemen,  for   so  kindly 
listening  to  the  remarks  which  I  have  made, 
I       The   President    moved    a    hearty   vot*    of   thanks   to    Mr. 
Shoolbred,  which  was  duly  accorded. 

The  President  :  I  have  great  pleasm'e  in  announcing  another 
paper  on  an  important  aubject,  by  3Ir.  Snell,  on  "  The  Calculation 
of  jMains  for  the  Distribution  of  Electricity."    We  are  very  anxious 
get  this  paper  read  before  the  autumn  session,  and  the  Council 
ve  decided  to  have  an  extra  night,  on  the  1 1th  of  June  next,  for 
this  paper. 


A  ballot   then 
elected : — 


took    place,   at  which    the    following    were 

Fiyrelgn  Member: 
Alexander  Bernstein. 

As8oeiate«: 


r.  Walter  Bacon. 
Archer  Philip  Crouch. 
Edward  Lowdon. 
James  F.  W.  ilorria. 

Gerald  Gregg, 


Sttidenta : 


A.  Denby  Raiue, 
Franz  Rosenader. 
Albion  T.  SneJl. 
Thomas  WainwrighL 

Oswald  Hue?. 


Leonard  Xewitt, 


us  THE  CALCUIATIOK  OF  MAINS  FOB  THE    [June ; 

The  One  Hundred  and  Forty-seventh  Ordinary  Geneml  Meeting 
of  the  Society  v;a5  held  ou  Thursday,  11th  June,  18S5,  ab^H 
the  Institute  of  Civil   Engineers,  27,  Great  George  Stieet,^^ 
Westminster — Professor   "W.  GrtlLS  Adams,  F.H.S.  (in  the 
unavoidable  absence  of  the  President),  in  the  Chair. 

The  minutes  of  the  last  meeting  were  read  by  the  SECRETiHY,^ 
and  confirmed. 

The  following  transfer  from  the  class  of  Students  to  that  o^ 

Associates  was  announced : — 

Robert  Lewis,  Jun. 

A  donation  to  the  Library  was  announced  as  having  been 
received  from  Col.  Weblier,  R.E.,  C.B.,  Past-President.  A  hearti 
vote  of  thanks  was  accorded  to  the  donor. 

The  Pbesidest  then  called  upon  Mr,  W.  H.  Snell,  Assocts 
to  read  his  [laper. 


ON    THE    CALCULATION    OF    JLVINS    FOR    THE 
DISTRIBUTION    OF    ELECTRICITY. 

By  W,  H.  Snell,  Associate. 

In  any  scheme  for  supplying  electric  light   upon  any  largi 
scale   the   determination   of  the   proper   sectional    area   of  th 
conductors  is  one  of  the  most  important  problems  that  we  have 
to  solve.     It  is  well  understood  that,  no  matter  what  may  be  the 
particular  method  of  distribution  which  has  been  adopted,  this 
sectional  area  must  in  every  part  of  the  system  be  made  to  conform 
as  closely  as  possible  to  Sir  W".  Thomson's  law  of  economy ; 
therefore  the  dimensions  of  the  conductors  should   be  so  p: 
portioned  that  the  annual  value  of  the  work  lost  in  heating 
metal  shall  equal  the  annual  charge  for  interest  on  first  cost, 
maintenance,  and  depreciation,  so  far  as  this  is  proportionate 
their  sectional   area.     These    results  may  jjossibly  require  som 
modification  when,  at  a  later  stage,  we  determine  (1)  the  rise 
temperature  in  each  section  under  maximum  ciurent,  and  (2)  t 
diBtribution  of  [loteatial  t\itovi5\iQM.t  \.W  ft^«,tem.     But  if  these 
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isiderations  demand  any  eerious  deviation  from  tlie  economic 
standard,  it  will  become  a  (jueation  wLether  we  have  selected  the 
most  effifient  method  of  distribution. 

r  termination  of  moat  probable  Value  of  "0"  in  the"  Equation 
of  Economy." 
Now,  in  the  equation  of  economy  we  have  to  make 
P  =  Pi  (1) 

where  P  is  the  annual  value  of  the  heat  wasted  in  the  conductor, 

Kid  P,  is  the  annual  charge  for  the  cable.  P  is  of  the  form 
P  =  C^RK (2) 
here  S  is  the  resistance  of  this  section  of  the  cable.  K  is  some 
constant  to  be  afterwards  determined,  and  C  must  have  a  value 
such  that  a  constant  current  equal  to  C  would  in  one  year 
produce  the  same  (otal  heat  as  does  the  variable  and  discontinuous 
current  which  is  actually  transmitted.*  It  is  evident  that  the 
true  value  of  C  will  always  be  an  unknown  factor,  hut  unless  we 
can  get  some  approximate  idea  of  this  value  the  equation  of 
economy  is  useless  and,  indeed,  misleading.  It  is  therefore 
important  to  consider  by  what  means  we  may  arrive  at  as  close 
an  approximation  as  the  nature  of  the  case  will  permit.  The 
problem  is  not  in  itself  one  of  great  simplicity,  although  it 
permits  of  being  reduced  to  a  set  of  quadratic  equations. 
^B  We  see  at  once  that  the  actual  current  will  vary  with  the 
^^ime  of  the  day,  with  the  day  of  the  week,  and  the  period  of  the 
year,  as  well  as  to  a  certain  extent  in  an  entirely  irregular  manner; 
and  the  difficulty  is  considerably  increased  by  the  fact  that  the 
heat  wasted  in  the  cable  varies,  not  as  the  current  itself,  but  as 
its  square.  However,  it  seems  probable  that  in  practice  we  shall 
usually  be  able  to  assign  limiting  values  of  G  with  a  fair  degree 
of  certainty ;  and  if  in  any  ease  these  limits  are  too  wide  to  bo  of 
^^puch  service,  we  can  then,  by  a  sufficient  amount  of  labour, 

^H      ■  TUe  autlior  deairea  to  take  this  opportunity  oE  recalling  tbe  fact  that  in 

^^be  Cantor  Lectures  of  the  preaent  year  Pnifesaor  George  Forbes  diBtiuctly 

^^Bndicated  the  neci^salty  of  employing  the  average  square  of  the  current  id  tbiii 

coniiectiun,  but  without  goinf;  into  much  detail  aa  to  bow  this  qunnti'j  may 

be  calculateil.     Tim  earlier  part  of  the  present  paper  wai,  however,  written 

before  the  date  of  tboK  lectures. 
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arrive  at  a  still  closer  approximation.  It  muBt  be  confessed, 
however,  that  the  method  to  be  proposed  for  thia  second 
approximation  is  sufficiently  clumsy  and  laborious,  and  it  is  very 
possible  that  something  simpler  or  more  accurate  remains  to 
suggested. 

It  will  be  convenient  to  call  the  value  of  C,  as  above  defined, 
"the  mean  annual  thermal  current,"  or,  briefly,  "the  thermal 
current."     In  future  we  will  write  it  Cj.    Put 


^ 


c 


(3) 


where  c  is  the  current  required  per  lamp  of  normal  candle  jxtwer ; 
then  ?J  is  the  number  of  lamps  which,  if  burning  continuously  all 
the  year  round,  would  cause  the  same  heat  waste  in  the  conductor 
ae  that  actually  wasted  by  the  whole  of  the  lamps. 

Xow,  it  is  also  understood  that  theoretically  the  size  of  tl 
conductors  should  be  jirojwrt ionately  diminished  as  each  bran 
or  house  wire  is  taken  off,  so  that  the  number  of  ampferes 
square  inch  remains  constant  throughout  the  system.  But  it 
important  to  notice  that  this  tapering  must  not  be  determined 
the  actual  number  of  lamps  upon  the  wires,  but  by  the  correspond- 
ing value  of  N  as  just  defined.  It  is  therefore  naxasary  to 
determine  the  value  of  ^  for  tack  section  of  the  cable.  Of  course 
in  practice  there  will  be  a  limit  to  the  frequency  with  which  the 
dimensions  of  the  conductor  can  be  (economically)  adjusted.  This 
limit  will  probably  vary  to  some  extent  with  the  size  of  the 
conductors,  but  for  the  present  we  shall  assume  that  the  length  of 
each  section  has  been  provisionally  determined  and  marked  upon 
the  plan. 

We  may  also  observe,  in  passing,  that  the  rule  that  the 
number  of  ampdres  per  square  inch  of  sectional  area  should  be 
constant  throughout  the  system,  is  based  upon  the  assumption 
that  the  cost  of  insulation  and  maintenance  bears  a  constant  ratio 
to  the  sectional  area  of  the  conductor.  This  is  by  no  mi 
always  the  case. 

Now,  the  heat  generated  in  any  section  in  any  period  during 
which  the  number  of  lamps  burning  is  constant  is  proportionate  to 
the  sqaare  of  the  number  otla.m'^s  8\i:^-^\\e.A through  that  secUoi 
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and  to  the  length  of  the  period.  If  the  number  of  lamps  alight 
varies  from  time  to  time,  then  the  total  heat  generated  during 
the  whole  period  T  is  proportionate  to 

«;(.  +  «I  '.  +  ■■-  ■ 

where  t„  („  &e.,  are  the  successive  periods  during  which  the 
number  of  lamps  burning  ia  respectively  «„  tIj,  &«.  Let  i,,  t„ 
&o.,  he  in  hours,  and  let  T  be  the  number  of  hours  in  one  day, 
and  put 

»^  i,  +  TiJ  ^  +  .  .  .  =  N"  T, 
so  that 


N = v^C"--^"-;'--^---) 


(4) 


Then  if  for  the  present  we  assume  that  the  respective  values  of 
Til,  In  &^-t  are  constant  day  by  day,  N  will  have  the  same  value 
as  in  equation  (3),  and  will  represent  the  number  of  lamps  which, 
if  burning  continuously,  would  in  twelve  months  generate  the 
same  waste  heat  as  is  actually  generated. 

Now,  during  the  same  period,  if^  as  before,  7i„  7i„  .  .  .  .  lamps 
bum  for  (u  (a  -  ■  ■  hours  respectively,  the  total  number  of  lam[>- 
hours  per  day  is  equal  to 

tliti  +  TlfU   +  •   ■  ' 
Put  this  equal  to  M  T,  where  M  is  the  number  of  lamps  which, 
if  burning  continuously,  would  give  the  same  total  number  of 
lamp-hours  per  day. 
Then  we  have 

M=^''-^y+---  ...    (5) 

And  if  we  also  put  c  M  =  0,,  we  may  call  Cj  "  the  mean  annual 
lighting  current." 

Comparing  C,  with  Ca,  or,  more  conveniently,  M  with  N, 
we  can  easily  see  that  when  tij  =  ^ij  =  .  .  .  .  ,  and  also 
((,  +  ^  +  .  .  .)  =  T,  we  shall  have  N  =  M.  This  ia  the  case 
when  the  actual  current  is  constant  and  continuous  throughout 
the  day;  and  inasmuch  as  (he  sura  of  the  values  of  (  can  never 
be  greater  than  T,  it.  can  be  shown  that  N  cannot  be  less  than  M. 
Therefore  we  have  for  the  minimwm  poesible  value  of  N, 

(absolute  min.)     N  =  M         ^Ji"^ 


la 
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But,  as  we  have  just  seen,  this  can  only  be  a  real  value  when  thd^l 
values  of  Ui,  Tit, .  .  .  .  ^^  constant  and  equal  to  each  other,  and 
the  period  of  burning  continuous. 

As  a  matter  of  fiict  we  know  that  the  51  T  lami)-hours  ure 
practically  performed  tiiUhin  some  period  of  (say)  (  hours  per  day. 
I»et  the  average  number  of  lamps  alight  at  any  one  time  during 
these  t  boors  be  n,  then  we  shall  have 

MT 


n  = 


( 


(7) 


Thus  the  pradicai   ininknum  value   of   N    is   given   by   the 
equation 

N  =  a/  -7|i-,  that  is,  from  (7) 


(practical  miu.) 


N  =  MV^]' 


(8) 


Next,  to  obtain  the  marimnm  value  of  N,  let  the  total  numb 
of  lamps  upon  the  section  be  fi,  and  let  t  be  the  average  numb 
of  houi^s  each  lamp  is  in  uge  per  day,  bo  that  we  have 

MT  =  nt  =  fLT        (9) 

Then  it  h  obvious  that  N  will  be  at  a  maximum  when  /t  lftm| 
bum  T  hours — that  is,  when 

N  =  /i  "V  -^i  that  is,  from  (9) 

(mas.)     N  =  v/ST^r 
Thus  we  have  seen  that  N  lies  between  the  limits 


N  (min.)  =  M  yy'  y  and  N  (mas.)  =  \/ 


..        (10) 


In  (8)  (  really  represents  the  total  number  of  hours  during 
which  current  is  aupphed,  so  that  under  Board  o£  Trade  regula- 
tions we  should  have  t  =  T  very  nearly ;  but  practically  nearly 
all  the  work  Tfill  be  done  within  a  very  much  shorter  mean 
annual  daily  period — perhaps  not  exceeding  sis  or  seven  hours— 
and  we  may  with  but  little  error  reduce  t  in  proportion.  For 
instance,  let  m,  lamps  bum  (j  hours,  and  after  this  let  m,  lamps 
bum  during  I,  hours  per  day,  and  let  Tn,  (,  be  small  comparwl 
with  nil  /„  then  we  may  put 

TJi,  (,  +  in,  i. 


1  = 


TRit 
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If  we  use  tlus  value  of  t  in  (8),  the  small  error  thus  introduceJ  is 
ID  excess. 

In  illustration  of  these  formnlre  let  us  suppose  thut  on  a  certain 
cable  supplying  200  Ininps  a  run  of  1,000  lamp-hours  has  been 
made  within  a  period  of  24  hours.     Then 

that  is,  the  light  supplied  will  have  been  equal  to  that  of  42 
lamps  burning  continuously  throughout  the  whole  time;  and 
the  heat  wasted  in  the  cable  will  have  been  equal  to  that  \t'asted 
when  X  lamps  bum  continuously  throughout  the  whole  time. 
Then  we  know  that  N  lies  between  the  limits 

N  =  M  =  42  ;  and  N  =  v'M^  =  ^(200  x  42)  =  91 ; 
that  is,  the  minimum  value  occurs  wben  42  lamps  bum  24  hours, 
and  tliu  maximum  when  200  lamps  burn  5  hours  (t  =5); 
the  heat  wasted  being  thus  the  same  as  if  91  lamps  had  burnt 
daring  the  whole  24  hours.  Sup^rose,  however,  that  we  know 
further  that  the  whole  of  the  work  was  performed  within  some 
period  leas  than  8  hours,  so  that  t  =  8,  then  the  minimum 
becomes 

N  =  JI  Yj  =  42  ^W=  73. 

Therefore  X  lies  between  73  and  91. 

We  may  suppose  the  actual  case  to  have  been  as  follows  :  — 

200  lamps  burnt  4  hours  =  800  lamp-hours. 
150      „         „       1  hour    =150        „ 
50      „        „       1     „      —    50 


Total 


1,000 


.-.  N  ^|(200'  X  4)  +^,150^)  +  (5.i-)|  ^  gg_ 

Thuj  we  see  that  whenever  we  can  obtain  a  value  for  M  and  for  I 
we  can  at  once  assign  the  value  of  the  thermal  current  within 
certain  limits.  And  these  limits  become  narrower  as  JM  increases 
towards  the  value  of /i, and  as  (diminishes  towards  the  value  of  t. 
Suppose,  however,  that  these  limits  are  found  to  be  wider  than 
Is  desirable  to  work  from,  we  have  a  means  of  o\)ls.va\n^  &  c\n%&t 
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approximation.  For  this  purpose  we  will  examine  another  method 
by  which  we  may  iissign  a  pair  of  limiting  values  for  N.  Let  the 
lamps  upon  a  given  cable  be  divided  into  two  groups,  and  assume 
that  our  information  has  enabled  us  to  calculate  (directly)  the 
values  of  the  thermal  current  and  of  the  lighting  currents  for  eacli 
group.  We  have  thus  obtained  the  values  of  Ni,  N„  and  of  SI,, 
M„  and  we  have  to  find  N  and  M,  i,e.,  the  niunbers  corresponding 
to  each  current  for  the  whole  of  the  lamps  upon  the  cable  takes 
together. 

It  ia  evident  that  as  regards  M  we  have  simply  to  put 

M  =  Ml  +  M,  ...         (12) 

But  the  value  of  X  will  largely  depend  upon  the  question  whether 
the  ]3eriod  of  running  for  (he  two  groups  is  contemporaneous 
(wholly  or  in  jiart)  or  successive.  In  fact  X  lies  between  the 
limits 

N  (min.)  =  ^{Nl  +  NJ)  and  N  (mai.)  =  (N,  +  N,). 

In  order  to  show  this,  in  equation  (4)  for  the  value  of  N  we  will 
put  ti,tf,. .. .  each  equal  to  unity.  We  can  clearly  do  this  with  but 
little  error  by  taking  the  unit  sufficiently  small,  and  taking  as 
many  successive  values  of  n  as  are  required. 

We  shall  then  have  the  following  equations : — 

n,  =  ^("i  +  '^;-^---)    ...   (,2„, 

PVora  (12a)  and  (126)  we  have 

X;  T  =  (71*  +  «!  + )  and  NJ  T  =  (m;  +  TnJ  +  . .  .), 

and  from  (13) 

N»T=  {{n\+n\+  ...)+{m]  +  mi+  ..  0  +  2  (M,m,+n,Tn,+ ...i: 

.■.N=y^|x;  +  NJ  +|,(«,m,  +  n,ni,  +  ...)l      (U) 

2 
In    this   expression   for  N   put   =,  (n^mi  +.»,  m,  +...)  =  A. 

Now  when  the  two  gioupa  "nan  BuccesBi-Mty  it  is  clear  that  we  nIisII 
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have  A  =  t»,  because  in  each  of  the  pairs  of  coefficients  one  of  the 
factors  will  vanish.     This  givea  for  the  minimum  value  of  N 

N  =  v/(N;  +  N!)  ...         (15J 

But  when  the  groups  are  run  contemporaneously  throughout  A 
will  have  its  maximum  value,  and  the  espreasion  upon  the  right- 
hand  side  of  (14)  becomes  a  complete  square.  This  gives  for  the 
viaxivium.  value  of  N 

N  =  (N,  +  N.)     (16) 

We  now  proceed  to  compare  these  limiting  values  of  N  with 
those  found  by  the  former  process,  and  to  select  the  lower  of  the 
two  maxima  and  .the  higher  of  the  two  minima  to  form  our  working 
limits. 

The  maxima  are  (N,  +  N,)  ( 16)  and  {/i,  +  li,)  a/  =,  or,  as  it 

may  be  more  conveniently  written,  \/{(/i,  +  /t,")  (M,  +  M,}); 
these  last  expressions  being  obvious  developments  of  (10).  It  is 
also  obvious  that,  as  the  latter  of  these  expressions  represents  the 
maximum  possible  value  of  N,  the  former  cannot  be  greater  than 
this.  That  it  will  usually  be  considerably  less  may  be  seen 
iiy  taking  the  maximum  value  of  (Ni  +  N,),  which  will  be 
(y'M, /t,  +  v^iVIj^),  and  putting  this  equal  to  the  maximum 
possible  value  of  N. 
Then  if 


^Mi  ^1  +  v^M,  f^  =  ^  {(/.,  +  /*,)  {M,  +  M,)j , 
we  must  have  M,  =  /j.,  and  M,  =  p^;  that  is,  all  the  lamps  must 
bum  all  the  day.     It  follows  that  the  lower  of  the  two  maxima  is 

given  by 

N  =  (N,  +  N,J. 

Taking  next  the   two  minima,   we   have   obtained   for   tlie 
general  expression  of  the  minimim:i  value  of  N 


N  =  MV^^ 


(8) 


and  if  the  corresponding  values  of  t  for  N,  and  N,  be  (,  and  i„  we 
can  write  for  the  minimum 

N  =  (M,  +  M.)y^  ...        (17) 

'd,  however,  that  we  have  also  li  =  t,  =  t.     For  the  present 


an^ 
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we  will  assume  that  this  is  the  case.  We  have  for  the  second 
TDinimuin  ■ 

N=  v'CNI  +  Nl) (15)' 

and  we  shall  ehow  that  the  former  value  (17)  is  oln'ays  greater 
than  the  latter  (15),  except  when  either  M,  or  M,  =  o ,  in  whkk 
case  they  are  equal. 

It  will  be   sufficient   to    show   that   the   minimum    value  of 

(HI,  +  M,)v/  7    "9     greater     than    the     maximum    valne   of 

y'(NI  +  NJ).  Now  the  latter  expression  is  at  a  maximum  when 
N,  =  \/Mj  /j^,  and  also  N,  =  \/M,  /if  From  this  we  get  fq 
the  maximum 

v'(N;  +  NJ)  =  yCM,  ^.  +  M,  f.,), 
and  this  last  expression  is   at  a  maximum  when  SI,  =  /*,  ar 
M,  =  ft, ;  that  is  finally,  under  these  conditions,  maximum  valae 
of  >/(N;  +  NJ)  =  ^(MJ  +  MJ)  ri8) 

Again,  as  t  cannot  be  >  T,  the  least  value  of  (IM,  +  11^)*/  "^f 

is    obtained  when  t  =  T.      Thus   we   have   minimum  value  of 

/T  ■ 

CM,  +  MOV  ^  =  C*^'  +  M,)  (19j™ 

Now  we  have  always 

(M,  +  M,)  >  V  (MJ  +  M"), 
unless  either  M,  or  M,  =  o,  in  which  ease  the  expressions  are    J 
equal. 

Thus  we  have  proved  that  the  higher  of  the  two  miniranm 
values  is  that  of  equation  (17). 

And  therefore  finally  N  lies  between  the  limits 

N  (min.)  =  (M,  +  M.).\/^  and  X  (max.)  =  (N,  +  N,). 

We  have  assumed  hitherto  (for  the  sake  of  simplicity)  that 
(,  =  (,.     If  this  is  not  the  case  it  will  make  no  difference  in  the 
results  just  obtained,  but  we  shall  have  to  find  the  proper  value 
for  t  in  the  minimum  (17).     I'or  this  purpose  let  (,  bp  greai 
than  ti-    JVom  (7)  we  have 

M,  T     .     .,    ,        ,  M,T 

n  =  — j — ;  similarly  put  m.  =  --J — . 

t,  tx 
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Then  N.  =  y^^.  and  N.  =  y^^ 

and  we  have  to  find  a  value  for  t  sncb  that  N  is  also  equal  to 
^|(i^)!i|  =  („  +  „,^|  =  (M.   +  M.)^. 

Equating  (19a)  with  the  second  of  these  expresaioua  it  will  be 
found  that  (when  ti  <  t,) 

From  this  it  will  be  seen  that  if  m  =  7i 

(  =  ^A^  (21) 

Iftn  19  large  comi»ired  to  n,  we  have  1  =  1^  nearly.     If  n  is  large 
compared  to  m,  we  have  (,  =  t  nearly. 

Let  US  now  suppose  a  case  in  illustration  of  these  formulEe. 
Let  there  be  a  feeder  A  B,  which  splita  into  two  branches  B  C  and 


B  D.  The  data  for  the  two  branches  being  given,  it  is  required 
to  find  the  thermal  current  in  the  feeder — or  the  number  of 
lamps  to  which  it  corresponds.     We  have  given 

(for  B  C)      fi,  =  400  (for  E  D)  /i,  =  250 

Ml  =     60  M,  =     40 

t^    -—       5  t,    =       6 

We  must  suppose  that  N,  and  Jf,  have  also  been  independently 
calonlated  (by  means  of  equation  (4)  or  certain  developments  of 
that  equation,  which  we  shall  presently  consider);  but  in  order 
that  we  may  not  assign  for  tbem  impossible  values,  we  will  find 
the  limits  of  N,  and  N,  by  means  of  equations  (8)  and  (10). 

N,  lies  between    j  y'MiT'i  =   l^sj  ^^    )  M^^'^'  =    131  I 
N,     »        „  I^SC;^   =   lOoj     »     |M,y^^=     80  |. 
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Suppose  ve  put  N,  =  140  and  N,  =  90,  aasumiog,  as  we  have 
already  said,  that  these  particular  values  have  been  obtained  by 
an  independent  method  of  calculation,  then  we  know  that 

N  lies  between  (M,  +  M,)  ^j  and  (N,  +  N,). 

We  may,  if  we  like,  obtain  the  exact  value  of  t  by  means  of  {2' 
or,  using  (21),  we  can  see  that  (  =  5'25  nearly,  say  f  =  5-2. 
shall  now  obtain 

(M,  +  M,)  y' '^'  =  215,  and  (N,  +  N.)  =  230; 

so  that  N  liea  between  215  and  230. 

It  will  be  interesting  to  find  the  numerical  values  of 
other  limits.     We  shall  find  that 

v/Nr+~N3  =  167,  and  ^/  {(/i,  +  fh)  (M,  +  M,)}  =  255. 
The  reason  why  the  three  superior  values  happen  to  be  conff 
paratively  near  together  is  that  the  values  of  f,  and  l^  were  tak 
rather  near  ti  and  tj. 

It  is  evident  that  as  regards  the  raaximnm  limit  of  N 
formula  is  applicable  to  the  collation  of  any  number  of  terms 
once,  and  for  the  inferior  limit  all  terms  having  nearly  the  same 
values  of  t  can  be  taken  together,  and  the  remaining  terms  can 
be  taken  successively  by  means  of  equation  (20), 

Having  arrived  at  this  point  we  can  see  that  if  the  lamps  upon 
any  given  section  are  classed  in  any  number  of  divisions,  and  if 
for  each  division  we  can  calculate  the  values  of  M  and  N  with 
any  probable  degrei;  of  accuracy,  we  shall  afterwards  be  able  tfl 
collate  these  divisions  and  find  the  limiting  values  of  the  thermal 
current  for  the  whole  section.  But,  further,  our  knowledge  of 
the  method  according  to  which  the  lamps  have  been  classed  in 
the  several  divisions  will  in  each  ease  suggest  a  means  of  arrivicg, 
with  more  or  less  accuracy,  at  the  value  of  A  in  equation  (14). 
We  shall  thus  get  still  nearer  to  the  most  probable  value  of  N  for 
the  whole  section. 

After  this  we  shall  have  to  collate  the  thermal  currents  of  the 
■various  sections  with  each  other,  working  up  towards  the  machines, 
and  here  we  shall  have  to  rely  almost  entirely  upon  the  method 
of  limita.     It  should,  howe\'eT,'\ie  ■no^.ei  ^.\ifit  ^  any  ^iut  in  ibe 
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process  the  ratio  between  the  Buperior  iind  inferior  limits  of  the 
final  thermal  current  for  any  given  section  will  be  less  than  the 
(arithmetical)  mean  value  of  the  ratios  between  the  limiting  values 
of  N„  N,,  &c.,  from  which  it  is  obtained,  ejtcept  in  the  case  when 
all  these  ratios  are  equal.  For  example,  taking  the  first  section — 
and  therefore  the  largest  conductor — although  the  difference 
between  the  superior  and  inferior  limits  of  the  possible  values  of 
N  is  here  at  a  maximum,  yet  the  ratio  between  these  two  valnea 
cannot  in  any  case  be  greater  than  the  mean  values  of  the  ratios 
of  the  values  of  Nj,  N^, ....  for  all  the  other  sections. 

We  have  yet  another  step  which  it  may  sometimes  be  worth 
while  to  take.  At  any  point  in  the  process  of  collating  the  values 
for  the  separate  sections  we  can  make  a  direct  calculation  of  the 
value  of  the  thermal  current  for  all  the  lamps  which  are  supplied 
through  that  section,  by  proceeding  as  though  all  lamps  lying 
beyond  were  connected  directly  to  that  section,  finding  the 
thermal  current  for  the  different  groups,  and  collating  as  before. 
But  although  this  process  may  be  valuable  as  a  check,  especially 
in  the  case  of  some  of  the  larger  mains,  it  will  be  seeu  in  the 
sequel  that  in  most  cases  it  involves  very  long  and  somewhat 
complex  calculations. 

One  other  point  may  be  mentioned  here:  we  have  been 
obliged  always  to  assume  that  the  current  supplied  to  the  lamps 
connected  directly  to  any  given  section  flowed  tlirough  its  whole 
length.  Virtually  we  treat  the  case  in  which  all  the  lamps  are 
placed  at  the  extreme  end  of  the  section  to  which  they  are 
connected.  The  error  thus  introduced  is  of  course  one  of  excess ; 
it  may  be  minimised  by  judiciously  placing  the  sections,  and  also 
by  increasing  then-  number.  It  may  sometimes  be  desirable  for 
this  and  other  reasons  to  make  the  calculations  for  a  much  larger 
number  of  sections  than  we  shall  probably  actually  employ. 

We  have  now  to  consider  in  what  way  the  principles  which  we 

have  sought  to  establish  may  best  be  ajiplied.  The  following  scheme 

is  an  attempt  to  determine  the  most  probable  value  of  the  thermal 

currents  as  the  problem  will  usually  present  itself  in  practice. 

We  need  only  describe  in  detail  the  method  employed  to  find  N ; 

this  will  involve  all  the  data  for  M  (so  far  as  these  quautitiea  are 

capable  of  heiag  ascertained). 
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Now  the  whole  of  the  lamps  supphed  from  any  lighting  station 
may  obviously  be  placed  in  one  of  two  di%Tsion3,  according  to 
whether  their  period  of  burning  ia  (1)  reguhir  or  (2)  irregclar. 

Among  the  "  Kegular  "  lamps  we  shall  include  all  those  whose 

usage  is  in  any  Benee  periodic,  whether  or  not  they  are  in  dailj 

use.    This  division  may  again  be  separated  into  two  main  groai>s — 

Group    I. :  Containing  all  lamps  which  are  lit  at  dit^k  and 

extinguished  either  at  dawn  or  at  any  hour  which  can 

be  approximately  assigned. 

Group  II.:  Containing  lamps  which,  althongh  in  periodic  nse, 

are  not  necessarily  Ut  at  the  hour  of  dusk. 

We  shall  iind  it  necessary  later  to  further  subdivide  each  of 
these  groups,  hut  for  the  present  we  may  leave  them  intact.  It 
will  be  erident  that  Group  I.  includes  all  street  lamps,  very 
nearly  all  those  in  shops,  warehouses,  offices,  club*?,  railway 
stations,  Ac,  &c,,  and  probably  a  very  considerable  proportion  of 
those  in  private  houses.  Group  II.  consists  principally  of  those 
in  places  of  worship,  halls,  theatres,  and  similar  public  buildings. 
The  "  Irregular  "  division  contains  all  remaining  lamps  ^apparently 
chiefly  in  dwelliug-honses)  for  which  it  is  not  possible  to  assign 
any  approximately  periodic  or  constant  nsage.  It  is  evident  that 
even  if  in  any  case  the  "  Irregular "  lamps  form  a  numerically 
large  class,  yet  by  far  the  larger  share  of  the  total  work  will  be 
performed  by  the  Ist  division,  It  is  therefore  worth  while  t« 
work  out  the  probable  thermal  current  for  this  division  with  as 
much  accuracy  as  possible. 

Division  I. — "Re({ulak"  Lamps. 
We  have  first  to  decide  how  we  shall  take  account  of  the 
variation  in  the  number  of  lamps  alight  due  to  the  time  of  the 
day,  the  day  of  the  week,  and  the  period  of  the  year.  Now  OT 
know  that  the  total  annual  period  from  sunrise  to  sunset  is  the 
same  on  all  parts  of  the  surface  of  the  earth,  except  where 
modified  by  local  phy Biographical  or  topographical  featuree.  I' 
follows  that  the  (normal)  mean  annual  night  is  everywhere 
twelve  hours  long,  and  we  may  take  it  to  last  from  6p.ii).lo 
6  a.m.  (local  time). 


( 
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Group    I. 

It  follows  that  for  Groujj  I.,  in  whicli  the  lamps  are  lit 
at  dusk,  we  shall  be  able,  for  the  purpose  of  this  particular 
caUniiationf  to  consider  the  hour  of  lighting  to  be  6  p.m.  all 
the  year  round.  This  will  give  U3  the  same  number  of  lamp- 
hours  (whatever  may  be  the  hour  assigned  for  their  extinction) 
as  if  we  reckoned  from  the  true  hour  of  sunset  day  by  day. 
This  statement,  however,  requires  one  obvious  cjuallfication  : 
clearly,  if  iheru  iire  any  lamps  which  in  winter-time  are  lit  at 
dusk  and  are  extinguished  before  6  p.m.,  they  will  be  excluded 
from  this  reckoniDg.  We  shall  therefore  have  to  form  a  sub- 
group (which  wc  will  distinguish  as  Orroup  Ia.)  for  tliese  lamps; 
and,  when  necessary,  we  must  make  a  separate  calculation  for 
thera  by  a  method  which  will  be  afterwards  dealt  with. 

Having  thus  determined  the  normal  hour  of  lighting  for  these 
lamps,  we  shall  h^ve  to  ascertain  the  usual  hour  of  extinction  in 
each  case  from  the  individual  consumers.  This  ought  not  to  be 
a  matter  of  much  difficulty.  In  order  that  we  may  see  clearly 
the  nature  and  extent  of  the  information  reqiured,  it  may  be 
worth  while  to  sketch  out  a  fonn  of  circular  which  might  be 
issued  for  this  purpose.  Omitting  the  neceaaary  preamble,  we 
might  proceed  to  iisk  the  following  iiuestions  • : — 

(1)  ViTiat  is  the  total  number  of  lamps  required  on  your 
premises  ? 

(2)  How  many  of  these  are  lit,  as  a  general  rule,  at  dusk  r" 

(3)  At   what   time  (approximately)   are   they    usually   ex- 
tinguished ? 

(Speclvien  anavjer)  6  at  8.30  p.m.,  4  at  10  p.m.,  2 
at  11.30  p.m. 

(4)  If  answers  (2)  and  (3)  do  not  apply  to  each  day  of  the 
week,  please  state  the  exceptions. 

{Specimen  answer)  On  Saturdays  10  kmps  bum 
until  10.30  p.m.,  and  the  other  2  until  12  p.m.  On 
Sundays  6  lamps  only  bum  imtU  about  11.30  p.m. 

•  It  is  ol)vioiul7  desirable  that  this  information  ihould  be  obtained  in  tha 
■noQtb  of  December  or  of  January. 
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(5)  With  regard  to  those  lamps,  if  any,  which  you  do  not 
nsually  liglit  at  dusk,  any  approsimat-e  information  as  to 
their  use  will  be  esteemed. 

Having  obtained  this  information  and  summarised  it  (for  each 
section  of  the  cable  separately),  we  shall  be  in  a  position  to 
calculate  the  probable  value  of  the  thermal  current.  From  what 
has  been  said  before,  it  will  be  understood  that  any  lantps  burning 
till  dawn  are  reckoned  as  being  extinguished  at  6  a.m. 

In  the  first  instance  we  have  equation  (4) — 

It  will  probably  be  deemed  sueSciently  accurate  [at  least  for  our 
present  purpose  of  illustration)  if  we  make  the  periods  („  (,,.,. 
each  e^tial  to  one  half-hour.     The  formula  then  becomes 

where  )i,  is  the  total  number  of  lamps  (in  this  group)  burning 
during  the  interval  from  6  p.m.  to  6.30  p.m,,  n,  is  the  number 
burning  from  C.30  p.m.  to  7  p.m.,  and  so  on.  But  as  il  stands  at 
present  this  formula  takes  no  account  of  variations  due  to  the 
day  of  the  week.  We  will  suppose  that  the  group  presents  n 
well-defined  variation  in  the  numbers  both  for  Saturday  and  for 
Sunday.  We  shall  now  have  to  make,  in  effect,  three  sub-divisioiH 
of  GrToup  I.  And  although  it  is  true  that,  we  shall  here  ootmt 
many,  or  perhaps  all,  of  the  lamps  over  again  in  each  sub-division, 
yet  it  will  be  obvious  that  this  is  equivalent  to  the  case  in  whiti 
we  have  two  or  more  distinct  sets  of  lamps  which  are  ntver  nr: 
contsTJiporaneottBly.  . 

We  will  indicate  the  values  of  N  in  Group  I.  for  week-dajs   | 
by  Nu  for  Saturdays  only  by  N/,  and  for  Sundays  only  by  N,". 

We  shall  then  have  for  Ni  (five  days  per  week),  J 

But  it  will  generally  be  more  convenient  to  make  the  period  I 
annual  instead  of  weekly,  as  we  can  then  readily  take  account  uf 
the  813  annual  ho\ida-^B,  or  of  any  similar  variation.     Putting    , 


1886.]  DISTRLflDTION  OF  ELECTBIClTr.  •  US 

(365-25  T)  =  Q  =  8,766,  the  number  of  lioura  in  one  year,  we 
shall  have 

and,  similarly, 

N.-=^{^-'^"'%-^;+-  ••>}■■■     (24) 

in  which  d„  di',  and  d,"  represent  respectively  the  number  of 
days  "per  annum  for  which  each  sub-Jivision  is  to  be  counted. 
The  values  of  Tti,  n^  .  .  .  .  of  course  will  di£Fer  in  the  three 
formula?,  but  it  has  not  been  thonght  necessary  to  employ  any 
diatinguiahing  mark. 

In  order  to  obtain  the  values  of  the  numerators  it  is  con- 
venient to  prepare  a  table  in  which  to  set  out  the  values  of 
n„nt,  .  . .  .  and  their  squares.  A  separate  table  will  of  course 
be  required  for  each  Bub-diviaion. 

The  following  is  given  as  a  apecimen.  To  save  space,  it  is 
supi>08ed  that  all  the  lamps  are  extinguished  by  9  p.m.  save  some 
which  burn  till  dawn. 


Specimen  Table. 

"Regui 

'.ar 

"  Division.' 

— Group  J. 

(Cable  X, 

Section  y)  Nj 

(5 

days  per  week)  d,  = 

255,  /i,  =  360. 

A. 

B. 

p.m. 

C. 

D. 

E. 

1 

6.30 

40 

360 

129,600 

2 

7.  0 

60 

3^0 

102,400 

3 

7.30 

0 

260 

67,600 

4 

8.  0 

20 

260 

67,600 

5 

6.30 

100 

240 

57,600 

6 

9.  0 

40 

140 

19,600 

... 

... 

0 

100 

... 

... 

ttjn. 

0 

•  •« 

•■■ 

24 

6.  0 

100 

100 

180,000 

Total         624,400 
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Column  A  givea  the  subscripts  of  n. 

„  B  gives  the  time  of  expiration  of  the  corresponding  half- 
hour. 
„  C  is  obtained  from  the  summary  relating  to  this  pfuti- 
cular  section,  prepared  from  the  replies  to  the  circular, 
and  gives  the  number  of  lamps  extinguished  at  the 
end  of  each  half-hour. 
„       D  givea  the  number  of  lamps  kft  bumijig  during  each 

such  period. 
„  E  givea  the  squares  of  the  preceding  column. 
/I,  is  here  the  number  of  lamps  in  the  group,  not  the  total  number 
on  the  section  (which  we  write  /i).  It  is  therefore  evident  that 
the  first  number  in  column  D  will  always  be  /(„  and  the  other 
numbers  are  obtained  by  successively  subtracting  the  numbers  in 
column  C.  In  this  case  by  means  of  formula  (23)  we  shall  obtain 
N,  =  93. 

It  may  conduce  to  clearness  if  we  here  re-state  what  is  implied 
by  this  result.  We  find,  then,  that  if  upon  this  section  93  lamps 
bum  night  and  day  all  the  year  round,  the  same  amount  of 
energy  would  be  wasted  in  the  conductor  as  is  actually  wasted  by 
the  360  lamps  which  each  bum  so  many  hoiu^  in  the  day  on 
255  days  per  annum  07tly.  tl,  was  put  equal  to  255  by  omitting 
Saturdays,  Sundays,  and  six  holidays. 

The  values  of  N,'  and  N,"  having  been  found  in  the 
same  way,  we  proceed,  before  collating  these  three  terms,  to 
complete  the  calculation  of  the  other  groups  for  the  same  section. 

Group  II. 
It  will  be  convenient  to  take  nest  Group  II.,  omitting 
Group  Ia.  for  the  present.  We  shall  probably  be  able  to  assign 
the  mean  annual  usage  per  day  for  the  lamps  in  Group  II.  with  a 
fair  degree  of  accuracy  in  most  cases.  Tliese  lamps,  being  chiefly 
in  public  buildings,  will  sometimes  be  lit  at  dusk,  sometimes  later, 
and  in  some  cases  earlier,  according  to  the  character  and  use  of 
the  building.  But  there  will  rarely  be  more  than  one  such 
installation  upon  any  one  section  of  the  cable,  simply  because, 
after  supplying  such  an  mBtailatiou,  we  should  almost  invariably 
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reduce  the  aze  of  the  conductor.  We  shall  therefore  content 
oorselves  in  this  place  with  a  formula  adapted  for  finding  the 
thermal  current  for  one  such  building  only. 

Now,  in  this  case  the  number  of  lampB  in  use  may  be  assumed 
to  be  constant  throughout  the  (daily)  period  of  lighting  (if  thia 
is  not  so,  at  least  the  great  majority  of  the  lamps  will  be  "  on  " 
or  "off"  together).  We  shall  require  two  sub- divisions  as  a 
general  rule.  For  week-days  we  will  write  N„  and  for  Simdays 
N,".     To  find  N„ 

Let  di  be  the  number  of  week-days  per  annum  for  which  the 

lamps  will  be  used. 
Let  the  average  period  during  which  the  buildi'ng  (not  the 
lamps)  ia  in  use  on  each  of  these  days  be  from  the  time 
a  to  the  time  tn. 
Let  ('  he  the  mean  annual  mimber  of  hours  per  day  from 

dusk  up  to  the  time  to; 
and  ("  the  same  number  up  to  the  time  o. 
The  values  of  C  and  t"  are  given  in  Table  L,  column  C. 
Then  we  shall  have 


I 
I 


\ 

N, 

=^/r 

(26) 

w 

Table  I. 

A. 

B. 

c. 

A. 

B. 

C. 

IMII. 

p.m. 

4.30 

36 

0-098 

11.  0 

1787-5 

4-9 

5.  U 

91 

-249 

11.30 

1970 

5-4 

5.130 

151-5 

-415 

12.  0 

2152-3 

5-9 

6.  0 

229 

■627 

a.m. 

C.30 

323 

-9 

12.30 

2335 

6-4 

7.  0 

433 

1-186 

1.  0 

2517-5 

6-9 

7.30 

561 

1-537 

2.  0 

28B2-5 

7-9 

8.  0 

704 

1-93 

3.  0 

3247-5 

8-9 

8.30 

875 

2-4 

4.  0 

36U3 

9-87 

9.  0 

1057-5 

a-9 

5.  0 

3875-6 

10-617 

9.30 

1240 

3-4 

6.  0 

4080-5 

11-18 

10.  0 

1422-5 

3-9 

7.  0 

4223-0 

11-37 

^0.30 

1605 

4-4 

8.  0 

4SW-5 

\V\% 
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Column  A  gives   the  Buccessive  balf-lioura   from   4,30  p.m.  to 
8  &.in.  (here  we  take  a  and  eti). 
„        B  gives  the  total  annual  period  of  darkness  from  sunset 

to  each  half-hour. 
„        C gives  the  values  of  (B  -r-  365).   t'  and  t"  are  taken  from 

this  column. 
Wlienever  a  has  any  constant  value  earlier  than  4.30  p.m.  we 
shall  have  ("=o.     (This  table  is  only  correct  for  the  latitude  of 
(Jreenwich.) 

As  an  illustration  suppose  that  a  building  lit  by  lUO  lamps  is 
used  two  nights  a  week  all  the  year  round  from  7  p.m.  to  8.30 
p.m.,  we  shall  have  ?i  =  100,  d  =  104,  f  =  2-4,  ("  =  1-186. 
..  /  004  X   100'  X  1-214>    _     ,-_ 

^'  =  V   \ —pee i  =  ^1^* 

.-.  N,  =   12. 

Group  Ik. 

Take  next  Group  Ia.  This  group  accoimts  for  lamps  which 
properly  belong  to  Group  I.,  but  whose  normal  hour  of  extinction 
is  at  6  p.m.  or  earlier.  Let  the  required  thermal  current  corre- 
spond to  N,  lamps ;  then,  if  we  reckon  as  before  by  half-hours, 
there  will  be  four  tenns  from  the  earliest  period  of  dusk  (in  these 
latitudes)  to  6  p.m.     The  value  of  N,  is  therefore  given  by 

where  ij,  U,. . .  are  the  first  numbers  in  column  C,  Table  I.  It  will 
perhaps  require  a  moment's  consideration  to  see  that  if  these 
lamps  are  in  use  on  every  day  of  the  year  on  which  there  is  dark- 
ness before  6  p.m.  we  must  put  d,  =  365 ;  if  they  are  not  used 
on  Sundays,  d,  =  (365  —  52),  and  so  on. 

It  is  obvious  that  this  method  of  calculation  might  be  adopted 
for  all  the  "Regular"  lamps,  but  it  willbe  seen  that  it  would  usually 
involve  considerably  more  labour  in  working  out  the  results, 
as  the  coefBcients  of  the  squares  of  n  would  no  longer  be  unity, 
and  their  proper  values  would  also  vary  with  the  latitude. 

"  Irregiilak  "  Division. 
For  the  **  Irregular"  {Uvisiioia  oiV  ttial  ca,n  be  done  is  to  take 
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"the  beat  available  estimate  of  the  number  of  lamp-hours  they 

may   be   expected   to   make   per  anuuni,  and   thence   obtain  a 

■talue   of  N,  by  means  of  rajuations  (8)  and   (10).     It   seems 

probable  that,  except  perhaps   in    residential   districts,  N4  will 

fldom  be  large  in  comparison  with  the  other  terms  of  N. 
Daylight  W&rL 
It  may  Bometimes  be  desirable  to  form  another  value  of  N,  to 
account  for  the  whole  of  the  work  performed  during  the  hours  of 
daylight.     We  will  call  this  N*,  but  we  need  not  stay  to  consider 
^how  it  should  be  formed. 

^H  Collation  of  Groups. 

^H  We  have  now  to  collate  these  separate  terms  so  as  to  find  the 
value  of  the  thermal  current  for  all  the  lamps  upon  the  section. 
For  the  sake  of  clearness  at  a  subsequent  stage  we  shall  write  this 
collated  value  S„.  S,,  S^,  . .  .  .  will  therefore  he  the  number  of 
lamps  corresponding  to  that  part  of  the  final  thermal  current  io 
each  section  which  ia  proper  to  the  iamjis  mijjplied  directly  from 

rt  section. 
Dejinition  of  "final  thermal  current" 
We  reserve  the  term  "final  thermal  current "  to  indicate  the 
ultimate  value  of  Ce,  which  includes  the  current  transmitted 
through  the  jiarticular  section  to  sections  beyond.  Vt'e  will 
.fterwarda  show  more  in  detail  how  this  may  be  estimated  in  a 
stem  of  conductors.  The  number  of  lamps  corresponding  to 
is  final  thermal  current  will  he  written  <}>„  tfj,, .  . .  . 

We  will  here  collect  the  various  terms  of  N  for  convenience  of 
iference : — 
Division  (1) — "Eegular"  lamps — 
Group  I. — Lamps  lit  at  dusk 


N, 
N," 


n 


r,        „       for  Saturday  work  only  ... 

I".        „       for  Sunday  work  only    ... 

Ia.       „       not  in  use  after  6  p.m. 

II.        „       in  public  buildings  (chiefly)     N, 

11".      „  „     forSunday  work  only  N 

N, 

■&. 


,r  V 


Division  (2) — "Irregular"  lamps  ... 
"  Daylight "  work     .., 
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This  list  has  a  Eomewbat  mcoDEequeDt  air,  but  after  what  has 
been  already  said  it  will  not  be  Decesaery  to  add  any  farther 
explanation  of  the  raiaon  d'etre  for  this  classification.  It  is 
obvious  that  the  scheme  is  very  elastic,  and  that,  as  we  have 
attempted  to  deal  with  the  most  general  case,  it  may  often  be 
simphfied  in  actual  use. 

To  find  Sa  it  will  ha  necessary  to  deal  with  these  terms 
successively,  for  it  is  obvious  that  they  do  not  all  require  the 
same  method  of  collation.  It  will  be  seen  that  the  following  ia 
probably  the  best  order : — 

(1 )     Combine  N,  with  Ni' ;  call  the  result  Nj 


(a) 

n 

N.     „    N, 

H 

N, 

(3) 

11 

N^     „     N. 

H 

N, 

(4) 

» 

N,"  „     N." 

» 

N, 

(5) 

ij 

N.     „     N, 

79 

N, 

(6) 

n 

N.     „    N, 

»» 

N/ 

(7) 

n 

Nr    „    N. 

»I 

s. 

We  have  for  the  fundamental  formula  {vide  equation  14 
jfosiim) — 

N(,  +  „  =  v/<N1+N;+ A)  ...  (14) 

2 

where  A  =  777  (ti-i  vi,  +  Wj  m,  +  .  . .  .). 

The  accuracy  of  our  results  in  each  case  will  now  depend,  as 
far  as  this  process  ia  concerned,  upon  the  accuracy  with  which  we 
can  find  the  value  of  A.  In  some  cases,  as  in  the  first,  this  eao 
be  done  very  completely.  We  will  now  go  through  these  cases  in 
succession. 

(1}  NiwUhN,'. — These  groups  can  never  run  contempora- 
neously. Therefore  we  have  A  =  o  (see  page  404),  and  the 
formula  reduces  to 

N,  =  -y/(N1  +  NI')  ...         (29) 

(2)  Ng  iirith  Nj. — By  means  of  Table  T.,  find  the  total  annual 

number  of  lamp-hours  for  this  group  (Ia.),  and  put  this  equal  to 

m  q,  where  q  is  the  total  number  of  hours  of  running  per  annum. 

The  value  of  g  may  be  obtained  from  column  B ;  if  the  lamps  are 

not  in  ase  on  every  day  oi  l^e  ■weeV,  \\.  BiMs^:  Vie  multiplied  by  the 
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proper  fraction  (J  or  5,  &c.).  Now,  during  the  whole  annual 
period  of  g  hours  during  wMfb  Group  La,  is  at  work,  the  number 
of  lamps  burning  in  Group  I.  remains  constant  at  ita  first  value, 
equal  to  ?i|.  If  we  assuine  (as  will  most  usually  be  the  case)  that 
DO  work  is  performed  by  Group  II.  during  this  period,  we  shall 
have 

N,=^(N;  +  iq+a!^)      ...         (30) 

(3)  NiWiik  A',. — This  case  is  a  little  more  complex.  Assume, 
first,  that  the  section  baa  only  one  installation  belonging  to 
Group  II,  As  before,  let  q  and  01  represent  the  respective  times 
of  use  and  disuse  of  the  buildiug ;  and  let  t'  be  the  mean  annual 
number  of  hours  per  day  from  dusk  up  to  time  to,  and  l"  the  same 
up  to  time  a.    Also  put 

+  . 


P  = 


Tin 


71. 


(u  —  a  +  1 

So  that  p  is  the  arithmetical  mean  of  the  successive  values  of  n 
(for  Group  I.)  during  the  time  (w  —  o) :  these  terms  of  n  will  be 
taken  from  the  table  formed  for  Group  I. 
Then  we  shall  have 


A  =  2  {f  -  r)  d,  m  p 

Q 


^V     If  a  =  S  p.m.,  or  any  later  hour,  ve  shall  get 
*  (('  -  (")  =  f  cfl  -  a). 

This  is  also  the  case  when  the  larops  are  always  lit  at  the  given 

hour,  o,  whether  there  is  still  daylight  or  not. 

»Thus,  for  one  installation  in  Group  II,, 
N.=  y{M  +  Ni  +  ^t''-^^J^"^P}    ...     (31) 

Take,  now,  the  case  in  which  there  ia  more  than  one  such 

installation  upon  the  section. 

Let  kifkx, . .  .  .he  the  actual  numbers  of  lamps  in  each,  and 
let  Ki,  K, .  .  .  .  be  the  numbers  corresponding  to  the  thermal 
currents  which  have  been  found  for  each  respectively.  If,  as 
might  possibly  happen,  these  installations  are  regularly  used 
concurrently,  or  very  nearly  so,  we  should  m.eie\.^  \iasei  \jia  -^mS. 
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N,  =  K,  +  K,  +  .  . . 
and  m  =  ki  +  kt  +  .  .  . 

and  to  inBert  tUese  values  in  (31).     In  the  more  general  case  the 
expression  for  A  will  have  the  form — 

A  =  -Q  (f^  *i  ^'iPi  +  <^ ''  *j?>i  +  ■  •  .  Si  'ui  ii  ii  + 


A,(„o,tii,i,+ 


•) (32) 


where  d„  dt,  ....  is  the  total  number  of  days  of  running  for 
each  installation  per  annum ;  5,,  Sj,  ....  is  the  number  of  days 
on   which   each    (jiofiaible)   pair   of   inatallationa  run   together; 

Ai,  A, is  the  number  of  days  on  which  each  set  of  three 

installations  run  together ;  and  so  on.     Also  (i,  t, are  the 

values  of  (t'—t")  for  each  installation;  tg,,  t„,  .  ,  ,  .  are  the 
values  of  (('"■— i'^)  for  each  pair  of  installations,  where  ("'is 
found  in  Table  I,  for  the  time  when  the  two  installations  begin  to 
be  running  together  (that  is,  the  time  corresponding  to  a  for  the 
later  of  the  two),  and  t'"-  is  found  for  the  earlier  of  the  two  values 

of  (o.     fjfli,  tioi, are  similar  values  found  in  the  same  way 

for  every  three  installations  ;  and  so  on. 

By  a  similar  development  of  equation  (26)  we  should  get  for 
the  value  of  N,  an  espression  of  the  form 

^'=\/  [qI'^  t,k^  +  ....B,  (<„  (4,  +  k,Y  +■--■}]  (33) 

(4)  A"|"  ivitk  AV- — Tliis  case  is  the  same  as  the  last,  being 
the  Sunday  work  for  the  sanie  groups. 

(5)  A'j  with  iVj.— This  case  is  similar  to  case  (I),  collating  the 
total  Sunday  work  with  the  week-day  work. 

(6)  A',  iviih  A^ — This  case  deals  with  the  "  Irregular  "  lamps ; 
it  is  therefore  impossible  to  obtain  any  definite  value  for  A,  and 
we  can  only  make  a  choice  for  Ny  between  the  limiting  values 
(page  406.) 

(7)  A/  wUh  A'j. — Nj  being  the  "  daylight  work  "  the  periods 
are  exclusive,  and  we  have 

S,  =   ^(N>    +   N=). 
Having  thus  obtained  the  values  of  the  thermal  current  proper 
to  each  separate  section  in  tke  B^atera,  we  have  now  to  find  the 
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"  final  thermal  current "  when  the  section  is  considered  in  »Uu 
and  (unless  a  terminal  section)  tranFinits  current  to  sections 
beyond.  In  the  case  when  any  given  section  transmits  the  whole 
of  the  current  for  one  or  any  number  of  sections  beyond,  there  is 
no  difficulty  in  determining  at  least  the  limiting  values  of  the 
final  thermal  current  by  the  formalfe  ah^ady  considered.  Now, 
in  his  recent  Cantor  Lectures,  Professor  Forbes  has  shown  that  the 
above  condition  is  a  characteristic  of  anp  system  in  which  the 
highest  economy  is  attained.  Referring  to  the  "network" 
system,  where  the  current  has  more  than  one  jath  to  a  given 
lamp,  he  says  "  we  should  [in  this  case]  have  to  choose  onr  con- 
ductors exactly  of  the  same  size  as  we  have  chosen  them  here,  and 
should  have  exactly  the  same  conditions.  If  our  conductors  were 
chosen  of  the  proper  size  for  the  cmxent  flowing,  then  the  current 
would  in  that  case  [the  '  network  ']  flow  along  exactly  the  same 
channels  as  under  the  system  I  have  been  describing  [the 
'multiple  tree  '  systemj.  That  would  be  the  case  when  we  had 
the  maximum  number  of  lamps  on." 

In  this  last  sentence,  if  the  size  of  the  conductor  is  based  upon 
ae  value  of  the  thermal  current,  we  may,  I  think,  venture  to 

asert  the  expression    if>    \/        *"    place   of  the    "maximam 

number;"   0   a/t  being  the  number  of  lamps  corresponding 

the  final  thermal  current  when  the  period  is  reduced  from  T  to 
i  hours ;  i  being  the  mean  daily  period  during  which  the  major 
part  of  the  work  is  done,  as  in  (8)  and  (11).  Thus  this  expression 
ia  very  nearly  the  mean  number  of  lamps  which  burn  together. 

^H  It  will  therefore  be  sufficient  to  consider  as  a  type  the  case 
in  which  two  terminal  sections,  B  C   and  B  D,  unite  with  the 

^^ection  A  B. 

^F     lict  the  "proper  thermal  current"  for  B  C  correspond  to  S^ 
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lamps,  that  for  B  D  to  9,  Umpe,  and  for  A  B  to  8,  lam^is,  the 
we  shall  have  for  the  numhers  corresponding  to  the  final  ther 
canrente,  0,  =  S, ;  0i  =  S| 

*.  =  ^/CS:  +  s*  +  B), 
where  a:  =  -/(<!>]  +  <^  +  A) ; 

eo  that  ^  =  v'(SJ  +  <I>1  +  <}>l  +  A  +  B). 

And  if  the  numbers  of  lamps  alight  in  each  half-hour 
6  p.m.)  be  for  B  C,  p,,  p„  .  .  .  , ;  for  B  D,  q„  g, . .  . .;  and  for  A 


we  shall  have 
A 


=  Y  {pi  5i  +  p»  9a  + 
1 


(the  coefficient  reduces  to  7^  because  the  values  of  p  and  q 
for  half-honra — see  page  404) ;  and  also 

B  =  ^{'^i{l>i  +  9.)  +  w.  (ft  +  9.)  +  •  •  -l 

Now,  as  long  as  we  have  only  or  mainly  to  deal  with  lami 
belonging  to  Uroup  I.  ("Eegular"  division),  we  can  obtain  nearlj 
the  true  values  of  A  and  B  without  much  tronble.     After 
we  may,  if  we  please,  continue  to  work  out  these  values 
means  of  formulce  similar  to  those  already  discussed  in  collating' 
the  groups;   or  we  may  content  ourselves  with  assigning  the 
limiting  values  of  ff>,. 

These  values  are,  for  the  maximum, 

.^,  =  S,  +  ^,  +  ^,        (37) 

and  for  the  minimum, 

*,=  (V.+  Vl  +  ^':)y/r         ...     (38) 

where  V  is  equal  to  the  sum  of  the  values  of  M  for  the  different;^! 
groups  of  the  given  section;  M,  as  before,  being  the  number  of 
lamps  corresponding  to  the  mean  lighting  curfent  for  the  several 
groups.     Indicating  the  different  terms  of  M  similarly  to  thoae^^ 
of  N  on  page  417,  we  shall  have  ^^ 

V  =  (Ml  +  M',  +  M,"  +  At,  +  M,"  +  M.  +  M,  +  M,)  (39)  ^ 
The  %Tilues  of  V  corresponding  to  the  final  lighting  current  for  ^m 
the  section  are  distinguished  by  a  dash.     Thus  ^| 

vi  =  V,  +  vj  +  v;      (40) 

When  working  in  t\uB  'ji^'j  Vt,  -s^  ■asvja.lX^  he  desirable 


.e , 

I 


e  to^ 
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zetain  fclie  two  limitiag  values  of  ^  all  through  until  the  calcola- 
tSons  are  complete.  We  shall  then  be  better  able  to  decide  how 
many  and  what  different  sizes  of  conductors  should  be  actually 
Imd  dowu.  In  finally  choosing  a  value  between  the  limits,  it 
most  be  remembered  that  we  have  uniformly  assumed  that  the 
lamps  are  placed  at  the  extremity  of  each  section,  and  that  we 
have  thus  introduced  an  error  in  excess.  Other  errors  contained 
in  the  foriuul.-u  are  (probably)  mainly  due  to  the  exclusion  of  the 
*'  Irregular "  lamps  in  certain  places,  and  are  thus  errors  of 
deficiency. 

It  will  be  obvious  that  any  value  of  0  may  be  directly 
determined  by  treating  the  given  section  as  though  it  was 
terminal,  distributing  all  lamps  supplied  through  it  into  their 
several  groups,  finding  values  for  N  and  collating  them  as  before. 
This  process  would  usually  involve  much  extra  trouble,  especially 
if  there  are  many  installations  belonging  to  Group  IT.  (see  page 
414).  But  for  determining  the  dimensions  of  "feeders,"  and 
similar  sections  of  any  considerable  length,  it  would  probably  be 

Iorth  while  to  undertake  the  work. 
Equation  of  Ecokomv. 
Returning  now  to  the  "equation  of  economy,"  it  may  oon- 
eniently  be  put  into  the  form — 
W  =  Cfl^^        (41) 

where  Co  is  the  final  thermal  current  for  the  given  section,  W  is 
the  weight  of  the  required  conductor  in  pounds  per  unit  length, 
p  is  the  resistance  of  a  conductor  of  unit  length  weighing  one 
pound,  and  t  is  a  term  constant  for  any  given  installation  within 
certain  limits  and  depending  only  ujion  the  financi.il  data. 

If  we  take  100  yards  as  our  unit  of  length,  and  assume  a 
working  temperature  of  23°  C.  and  a  conductivity  of  95  per  cent., 

we  shall  find  that 

p  ^  3a). 

(Strictly,  p  =  3*08w ;  but  as  neither  temperature  nor  conductivity 

are  known  absolutely,  we  may  as  well  take  the  whole  number.) 

It  may  perhaps  be  thought  that  in  (41)  we  should  rather  use 

the 


value   Ca  a/  —  as   representing   more  nearly   the   actual 
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current  during  the  hours  of  -working.     We  may  certainlj  do  tl 

vrithont  error,  for  it  will  lead  to  the  same  value  for  W.     This 

be  seen  on  examining  the  terra  6. 

We  have 

■00134  3 


b  = 


(42) 


Here   s  represents  the  coat   of  1   E.H.P.  per  annom  developed 
continuously;  but  if  we  increase  Ca  to  Ca\/  y  we  shall  hare 
take  3  for  an  average  of  t   hoars  per  day,  consequently   y/' 
becomes  \/  b  ^,  and  in  (41 )  W  remains  unaltered. 

In  estimating  s  we  shall  of  course  remember  that  the  engim 
run  5  hours  only  per  annum,  and  therefore  we  must  find  the 
of  Q  hours  running  at  the  particular  rate  per  hour  found  for  q 
hours. 

In  the  above  expression  for  b,0is  that  fraction  of  the  first  cost 
•of  the  cable  which  is  to  be  charged  annually  for  interest  and 
maintenance,  p  ia  the  cost  of  copper  per  pound,  and  a  represents 
an  expression  for  the  cost  of  insulation  and  protection  per  pound 
of  copper  in  tlic  cable,  so  far  as  this  is  not  a  constant  sum.  a  may 
be  of  a  form  which  does  not  admit  of  the  direct  determination  of 
W  in  terms  of  Cb,  in  which  case  we  shall  have  to  prepare  tables 
the  values  of  Cb  for  different  values  of  W,  and  the  value  of  b 
then  vaiy  in  dififerent  parts  of  the  system. 

Having  found  W^the  weight  of  the  required  conductor  pei 
unit  length — it  ia  worth  while  to  note  that  for  a  cylinder  of 
copper  we  may  put 

'^  =  ^\/r     f-^^) 

where  d  is  the  diameter  in  inches,  I  the  length  in  inches,  and  W 
the  weight  in  pounds.  In  thie  case,  the  length  being  100  yards, 
this  reduces  to 

^*/W. 


d  = 


30^ 


I 


1^^ 


In   (43)   the   true    log.   of   the  coefficient  ie   0.300935. 
formula  ia  useful  for  finding  the  effective  diameter  of  stranded 
^■cables. 
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^^^F  Llmitdcg  Distance  op  Lamps. 

^H  ProfesBor  Forbes  has  shown  that  in  any  installalion  the 
distance  of  any  given  lamp  from  the  nearest  point  of  constant 
potential  must  not  exceed  a  certain  limit.  Put  this  equal  to  L 
yards,  and  let  e  be  the  maximum  variation  of  potential  permis- 
sible, let  r  be  the  resistance  per  unit  length  of  the  cable,  and  let 
this  unit  length  be  I  yards,  then  we  must  have 


L  = 


le 


c.    (^^) 

Now  in  this  expression  for  L  we  shall  have  I  e  constant  through- 
out the  system,  so  that  if  L  ie  to  be  constant  we  shall  only  require 
the  condition  C  acr~'.  But  this  coudition  is  fulfilled  only 
when  C  ia  either  equal  to  the  thermal  current  or  bears  some 
constant  ratio  to  it,  and  only  then  (as  will  presently  appear)  while 
.6  value  of  h  is  constant  in  the  difTereut  parts  of  the  system. 
■oFessor  Forbes,  in  hia  recent  Cantor  Lectures,  seemed  to  imply 
that  it  would  he  sufficient  to  adjust  the  extreme  variation  of 
lotential  to  the  average  current.  But  it  seems  doubtful  whether 
ia  would  be  permissible  in  practice,  because  when  there  are  any 
fti'ge  inat-allatious  used  at  intervals  the  maximum  current  is  likely 
to  be  BO  much  larger  than  the  average.  It  appears  to  me,  there- 
fore, that  in  (44)  C  should  be  taken  nearly,  if  not  quite,  for  the 
iinum  number  of  lamps  which  will  ever  probably  he  in  use  at 
one  time.  I  should  propose  to  obtain  this  maximum  number  by 
.king  the  total  number  bung,  and  deducting  from  this  (1)  say, 
e-half  of  the  "  Irregular "  lamps,  (2)  all  lamps  in  Group  Li,, 
(3)  all  lamps  in  Group  L  which  are  extinguished  befon?  any  of 
those  in  Group  II.  are  Ut.  In  this  case  the  ratio  Cg  :  C  will  not 
be  constant  throughout  the  system.     Hence  the  values  of  L  will 

K30  differ  in  different  districts. 
Let  Ci  be  the  value  of  this  maximum  current  in  the  first 
strict,  and  indicating  the  particular  values  of  the  other  terms  in 
(44)  by  the  same  subscript,  we  havu 
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Substituting  for  W,  from  (41), 

wehave  I.,  =  I  e    ,.-\/-  (-15) 

Now  in  this  espreasion,  whatever  be  the  values  of  the  nnits  chosen, 
we  shall  have  {I  p~  ^)  conetaut,  and  (to  give  Lj  in  yards)  ec^uul 
to  57.     So  that  (45)  becomes 

L,  =  57    X    (eh*  %     (46) 

I  may,  perhaps,  be  permitted  to  mention,  in  conclusion,  that 
I  have  elsewhere  shown  that  the  limits  of  L,  are  largely  extended 
by  the  use  of  "  multiple  mains  "  when  the  relative  dimensions  of 
the  external  and  intermediate  mains  are  properly  pro[>ortioned. 

Profesaor  Adams  :  Mr,  Snell  has  dealt  with  a  subject  of  very 
great  importance  in  ita  bearing  on  the  lighting  of  the  future,  and 
in  his  paper  he  has  entered  into  considerable  detail  on  the 
aobject.  I  see  there  are  several  present  who  on  previous  occasions 
have  given  ua  ideas  on  the  subject,  and  other  practical  men  whose 
views  we  shall  be  glad  to  have,  so  that  we  may  do  something 
towards  threshing  out  this  imjxtrtant  subject  this  evening. 
Perhaps  Profeiisor  Forbes,  who  has  bestowed  considerable  attention 
to  this  subject,  will  lead  the  way. 

Professor  Forbes  :  It  is  quite  true,  Sir,  as  most  members 
are  aware,  that  I  have  devoted  a  very  great  deal  of  time  and 
attention  to  this  upccial  subject;  and  in  fact  the  main  ]ioint 
which  Ml'.  Snell  has  brought  out  is  one  which  I  believe  I  was  the 
first  to  draw  attention  to  in  the  course  of  the  Cantor  Lectures 
during  the  spruig  of  this  year — ^fhat  is  to  say,  the  moditioatiou 
of  Su'  William  Thomson's  law  which  must  bo  made  owing  to  the 
iiTcgidar  maimer  iu  which  lamps  are  lighted.  I  am  glad  to  say 
that  Mr.  Snell  thoroughly  accepts  the  view  that  Sir  William 
Thomsons  law,  properly  applied,  must  regulate  the  size  of  con- 
ductors in  any  such  system  of  distribution  as  that  we  have  been 
speaking  of— that  is  to  say,  because  Sir  William  Thomson's  law  is 
the  law  of  economy:  it  simply  means  putting  down  the  most 
economical  conductoiB  vo^sibV,  aai  \wn  Nat-j  ^Vad  to  see  that 
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tha  axiom,  as  we  call  it,  is  being  uaiveraally  acceiited  in  England, 
that  we  are  to  put  down  the  most  economical  conductor.  It  seems 
a  truism ;  and  yet,  when  one  has  gone  through  America  and  seen 
the  way  in  which  this  important  law  is  utterly  disregarded,  and 
the  lavish  exiienditure  of  energy  in  their  conductors,  in  order  to 
save  the  comparatively  trifling  expense  of  laying  down  suitable 
conductors  for  the  lamp^,  one  cannot  be  too  glad  that  in  tliifl 
country  wiser  counsels  seem  likely  to  prevail.  In  showing  the 
method  in  which  Sir  William  Thomson's  law  was  to  be  applied,  in 
the  course  of  those  Cantor  Lectures  I  drew  attention  to  the  fact 
that  we  muat  not  take  the  total  number  of  lamps  on  the  circuit, 
and  the  total  current  which  would  be  used  for  meeting  the  whole 
of  the  lamps,  as  the  cmrent  for  which  we  have  to  provide;  but 
that  we  muat  take  a  fraction  of  the  total  number  of  lamps,  which 
depends  on  the  proiwrtion  of  lamps  which  are  being  used  at 
different  periods.  And  it  is  not  a  simple  average  which  wo  can 
take,  because  it  depends  on  the  square  of  the  current,  so  that 
if  we  simply  take  the  average  of  the  current  it  would  not  be 
at  all  correct.  I  went  so  far  in  those  lectures  (though  deahng  with 
this  subject  in  a  very  elementary  manner)  as  to  give  some  of 
the  primary  mathematical  coiisideratious  that  must  guide  us 
in  making  the  size  of  conductors  depend  on  irregularity  of 
consumption,  and  I  gave  some  sijecial  cases,  with  the  corres- 
ponding amount  of  the  thermal  current,  as  Mr,  Snell  has  called 
it.  I  think  that  Mr.  Snell  has  done  us  a  very  great  ser\'ice  in 
showing  us  in  special  cases  how  we  can  very  conveniently 
apply  a  rigorous  treatment  to  estimating  the  size  of  mains. 
There  may  be  some  here  who  think  that  it  is  a  little  too  finikin, 
that  too  much  attention  is  paid  to  the  actual  calculations — 
the  numerical  calculations — and  that  we  do  not  require  any  such 
accuracy.  Now,  I  cannot  impress  too  strongly  upon  anybody  thci 
importance  of  economy  in  the  matter  of  mains.  If  we  are  dealing 
with  the  multiple  arc  system,  the  cost  of  the  mains,  as  every  one 
here  knows,  is  something  gigantic  when  we  come  to  a  large  central 
station  lighting;  and  e\'ery  step  which  we  cau  take  to  introduce 
economy  is  introducing  a  proportionate  economy,  not  only  into 
the  copper  we  are  laying  down,  but  a  propott\oQa\*i  ani^^tisW^e 
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economy  in  the  whole  cost  of  the  installation.  Because  the  cost 
of  mains  is  one  of  such  vital  imjxirtance  in  the  multiple  arc 
system  on  a  large  scale,  therefore,  as  I  tried  to  impress  on  my 
hearers  in  the  Cantor  Lectures,  and  as  Mr.  Snell's  paper  suggests, 
I  repeat  that  it  is  moat  essential  that  we  should,  before  ever 
gi\'ing  out  the  plans  of  any  installation,  calculate  out  over  and 
over  again  the  greatest  economy  that  we  possibly  can  get  from 
different  Bystema.  I  asaure  you  that  the  amount  of  labour  that 
is  required  for  calculating  out  the  mains  for  a  central  station 
electric  lighting  is  sometliing  enormous.  You  have  to  calculate 
it  out  on  various  different  suppositions,  and  find  out  how  it  varies 
under  different  possible  conditions  that  may  ariae.  You  have  to 
modify  your  plans  over  and  over  again ;  and  it  makes  me  quite  sad 
to  Bee  the  reckless  way  in  which  estimates  have  been  made  at 
times  for  central  stations,  when  the  mains  have  actually  been 
calculated,  perhaps,  in  an  ho^ir  or  two— a  matter  which  it  is  im- 
possible that  any  one  man  can  do  unaided,  under  two  or  three 
months  at  the  very  least.  It  is  an  enormous  labour  to  calculate 
out  the  mains  for  a  central  station.  But  there  is  ouc  great  thing 
to  remember — that  it  is  all  calculable,  that  we  do  not  need  to  go 
by  guesswork,  or  rule  of  thumb,  or  haji-hazard  at  all :  the  whole 
thing  ia  a  perfectly  straightforward  calculation ;  and  if  we  will 
spend  the  time  upon  it,  and  the  money,  it  will  he  repaid— that  is 
to  say,  that  by  devoting  the  time  necesaary  to  get  out  the  most 
economical  system,  we  are  undoubtedly  aaving  the  undertakers 
an  enormous  amount  of  money.  It  is  perfectly  true  that  in 
practically  laying  domi  an  installation  we  may  not  be  able  to  follow 
oat  the  exact  rules  wliich  we  have  arrived  at  in  the  theoretical 
calculations.  According  to  the  theoretical  calculations  we  shall 
be  gradually  diminishing  our  mains,  tapering  them  and  reducing 
them  in  thickness  at  each  point  where  there  is  a  supply  to  cus- 
tomers. Now,  in  practice  you  can  easily  see  that  thia  is  not 
rigorously  possible — that  it  will  be  necessary  to  carry  the  same 
size  of  mains  past  a  good  many  houses  which  are  drawing  a 
supply  from  these  maina.  That  is  very  true,  and  I  can  quite 
imagine  some  people  who  dislike  accuracy  saying,  "  Well,  if  we 
cannot  get  that  accuracj,-Vt  ■pra.ctVte  ■^xfcseiA* mi, feom  estimstiDg 
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■at  average, — ^yoii  need  not  talk  to  us  so  much  about  it,''  That 
is  all  nonsense.  If  we  are  able  to  lay  down  no  rule  ot  a  system 
wliich  is  undoubtedly  the  most  economical,  it  is  a  very  eimple 
thing  to  pass  on  from  that  to  the  nearest  practical  arrangement 
wtiich  approaches  to  that  theoretically  perfect  arrangement- 
Mr.  Snell  has  employed  a  very  ingenious  method  of  getting 
some  approsimation  to  what  he  calls  the  thermal  current.  I 
should  be  inclined  to  think  that  this  method  is  apt  to  give  ub 
rather  wide  limits,  even  following  out  the  system  as  he  has  done 
it;  but  while  we  are  in  the  present  state  of  calculation  in  the 
matter,  it  will  be  of  great  assistance  to  all  of  ub  who  occupy  onr- 
eelves  at  all  in  this  matter  to  have  not  only  this  proposition  laid 
down,  but  as  many  more  propositions  which  ai-e  shorthand  ways 
of  arriving  at  results.  Such  systems  as  those  proposed  by 
Mr,  Snell  will  very  probably  be  largely  used,— at  any  rate  in 
certain  cases, — and  even  if  it  be  not  the  most  accurate  way,  at  any 
rate  it  is  admirable  as  a  check ;  and  in  calculations  which  involve 
such  an  enormous  amount  of  laboiir  as  I  have  spoken  of,  it  is  very 
desirable  to  have  shorthand  methods  of  an-iving  at  checks,  so  that 
every  part  of  the  calculation  need  not  be  gone  into  by  each  person 
who  checks  it,  and  such  that  slips  are  not  likely  to  occur  in  that  way. 
I  must  say  that  I  should  have  thought — my  own  impression  has 
been — that  the  best  way,  after  we  have  arrived  at  some  notion  of 
the  consumption,  is  simply  to  attack  the  problem  directly  when 
we  vary  the  consumption  at  different  hours,  and  find  out  the  waste 
of  energy  at  each  different  hour  during  the  twenty-four  j  and  if  it 
varies  during  the  days  of  the  week,  find  out  also  for  the  different 
days.  Still,  I  must  say,  this  method  of  arriving  at  a  maximum 
and  minimum  is  extremely  beautiful,  and  one  which  I  think  will 
be  used  by  those  of  us  who  are  employed  in  this  work. 

Just,  now  I  spoke  of  the  enormous  amount  of  labour  and 
calculation  that  we  have  in  estimating  the  size  of  mains.  We 
have  various  stages  to  consider  and  to  go  into,  not  only  because 
there  are  different  assumptions  as  to  the  number  of  lamps  which 
will  be  used,  but  also  because  there  are  different  means  of  laying 
our  mains;  even  if  we  confine  ourselves  to  a  multiple  arc  system, 
there  is  a  lar^e  number  of  ways  of  laying  t\\em.     \iaQtt^\V»ta«^\ 
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pointed  out  in  the  oonrse  of  the  Cantor  Lectarea  in  the  Bpring, 
there  ia  one  wliich  employed  distribnting  boxes  such  as  Mr.  Edison 
has  used  in  his  central  station  in  ^few  York,  but  by  no  means  in 
the  manner  in  which  he  lias  put  down  theHe  distrihating  boxes, 
The  employment  of  these  boxes  wonld  be  a  great  economy  in  most 
cases;  but,  at  any  rate,  even  in  multiple  arc  ayHtems  we  have 
different  methods  of  laying  doivn  the  mains,  and  we  must  calculate 
out  the  economy  of  laying  them.  And  not  only  do  we  have  these 
different  methods,  but  systems  have  been  introduced  lately,  some 
only  on  paper,  for  using  higher  jiotentials,  for  using  moltiple  arc 
eeries,  and  so  forth,  and  eventually  we  may  have  secondary 
batteries  perfected  in  order  to  use  the  lugher  potentials.  All 
these,  too,  ought  to  be  calculated  out ;  and  in  taking  account  of 
the  disadrantftgea  of  a  high-potential  current  or  of  a  multiple 
series,  against  the  multiple  arc,  we  must  also  take  into  accoimt 
the  enormous  advantages,  and  therefore  the  economy  of  such 
a  system  has  to  be  calculated  out,  and  the  whole  advantnges  in 
one  manner  and  another  must  then  be  weighed  in  the  balance.  I 
think  I  have  paid  enough  to  show  what  a  great  deal  of  Inlwur 
must  be  taken  in  order  to  make  electric  lighting  a  fiuaucial 
success,  and  it  is  my  own  opinion  that  Mr.  Snell  has  lonely 
helped  us  in  simplifying  the  labour  which  will  be  required  to 
calculate  out  the  mains  in  any  central  system  of  lighting. 

Dr.  Flemisg  ;  It  is  impossible.  Sir,  to  do  justice,  in  the  way 
of  criticism,  to  this  exceedingly  interesting  and  valuable  paper 
to-night,  seeing  that  we  only  had  it  placed  in  our  hands  as  wo 
came  into  the  room,  and  during  its  reading  we  have  been  able  to 
do  little  more  than  follow  the  general  argument  which  Mr.  Snell 
has  put  before  as. 

The  quantity  to  which  Mr.  Snell  has  given  the  appropriate 
name  of  the  "  mean  annual  thermal  current"  is  a  very  important 
quantity  indeed,  and  Professor  Forbes  very  justly  laid  great  stress 
upon  it  in  his  Cantor  Lectiires.  In  fact  this  quantity,  in  its 
relation  to  distribution,  is  very  much  like  the  mean  square  of 
velocity  in  considering  a  problem  in  molecular  physics.  The 
squnre  of  this  mean  anmial  current  multiplied  into  Ibe 
effective  resistance  oE  l\ie    ivci'soTV  ^riX  'Oa«e^we  te^wss«.t  at 
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loe  the  energy  dissipated  per  second.  In  Lord  Rayleighe  work 
on  *'  Sound  "  he  has  given  a  useful  name  to  the  quantity  which 
expresses  the  rate  of  dissipation  of  energy  per  second  in  any 
system :  he  has  called  it  the  "  dissipation  function ; "  and  in  any 
network  of  conduetora  having  a  current  running  through  them  the 
diesipation  function  of  that  system  is  the  square  of  this  mean 
current  multiplied  into  the  effective  resistance  of  that  system. 
That  ia  the  rate  at  vfhich  the  heat  is  being  got  rid  of  per  second. 
Now,  when  I  was  in  New  York,  I  tried  to  find  out,  if  possible, 
what  the  "  mean  annual  lighting  current "  really  was;  and  I  was 
able  to  do  this  by  favour  of  getting  the  meter  retuma  for 
six  months,  and  also  by  getting  the  ammeter  readings  taken 
on  the  machines  at  every  half-hour  during  the  whole  time, 
and  in  this  way  found  what  was  the  amount  of  current  in 
ampere  hours  running  through  all  the  lamps  in  six  months, 
and  to  obtain  the  mean  annual  lighting  current  for  that 
time ;  and  it  will  probably  interest  Mr.  Snell  and  others  to 
know  what  a  comparatively  small  fraction  that  current  was  of 
the  whole  current  that  the  installation  was  capable  of  putting  out. 
In  the  station  there  were  12,600  lights  installed  (this  number  has 
been  considerably  increased  since  then),  and  statistics  show  that 
the  maximum  number  of  burning  lamps  at  any  time  was  5,000, 
and  the  minimum  number  at  any  time  only  100,  coming  some- 
where about  two  or  three  o'clock  in  t.ho  morning.  Now,  taking 
the  meter  reading  for  that  time,  and  obtaining  the  total  quantity 
of  electricity  going  out  of  the  station,  it  was  possible  to  calculate 
what  tliis  mean  annual  current  was,  and  it  was  only  equal  to 
lyiOO  lampa,  or  one-tenth  of  the  capacity  of  the  station.  It  will 
therefore  be  interesting  to  some  to  know  what  this  mean  current 
ia  in  the  case  of  an  actual  installation.  But  the  one  thing 
which  does  present  great  difficulties  in  all  practical  cases  is  not 
the  actual  c-alculation — because  that  is  possible — but.  in  ascertain- 
ing the  distribution.  That  is  where  the  real  difficulty  lies.  Yon 
have  an  idea  of  what  you  propose  to  put  down,  and  can  ascertain 
the  nimiber  of  lights,  but  you  do  not  know  how  many  lights 
A,  E,  C,  jind  D  will  take ;  you  have  to  make  a  guess.  It  is  onjy 
by  experience  that  you  will  be  able  to  make  ie\\iM«  ft'6^.vK\ft.\,e* 
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for  distribulion  of  lamps  in  central  stations.  We  shall  have  ta  go 
very  slowly  iu  this  matter.  Experience  will  guide  us  in  making 
the  right  kind  of  estimates. 

Nevertheless  I  agree  with  what  ha?"  fallen  from  Professor 
Forbes — that  the  matter  has  received  very  great  assistance  from 
those  valuable  and  exceedingly  interesting  investigations  which 
Mr.  Snell  has  brought  before  ua. 

Mr.  SeooLBRED:  I  ara  afraid.  Sir,  I  can  hardly  contribute 
anything  to  the  discussion  of  this  valuable  paper,  but  I  will  ask, 
if  you  will  allow  me,  a  question  with  regard  to  what  is  now 
generally  accepted,  as  Mr.  Snell  has  stated,  as  to  the  value  of 
Sir  William  Tbumson's  law  of  eeooomy  iu  conduclore.  There  is, 
I  think,  and  especially  if  I  may  judge  from  Professor  Forbes* 
remark<^,  some  doubt  as  to  the  exact  inteqiretation  to  be  put  on 
the  law  that  Sir  William  Thomson  has  stated.  In  its  original 
state,  as  many  persons  interpret  it.  Sir  William  Thomson  is 
supposed  to  have  placed  the  limit  of  fifty  amperes  per  square 
centimetre  as  the  most  economic  value  of  the  conductors,  A  good 
deal  of  exception  has  been  taken  to  that  as  reL|mring  an  enormous 
proportion  of  conductor.  Professor  Forbes,  I  think,  advocated  in 
the  course  of  Cantor  Lectures  recently  delivered  before  the  Society 
of  Arts,  and  already  referred  to  this  evening,  a  section  of  conductor 
of  about  one  and  a  half  square  inches  jier  thousand  amperes, 
which  would  bring  it  practically  to  about  double  Sir  William 
Thomson's  limit.  The  limit  indicated  by  Professor  George 
Forbes  coincides  very  closely  with  one  advocated,  I  understand, 
by  Dr.  J.  Hopkinson,  viz.,  one  ampere  per  square  millimetre. 

Professor  Foriies  :  I  was  not  specially  advocating  that  size. 
I  simply  showed  that  under  certain  assumptions  Sir  William 
Thomson's  law  would  give  that  size — from  certain  assumptions 
that  seemed  natural. 

Mr.  Shoolcred  :  Exactly  ;  but  I  know  of  no  large  installation 
where  Sir  William  Thomson's  interpretation  of  50  amperes  i>er 
square  inch  is  carried  out.  I  know  many  to  the  contrary,  where 
the  installations  have  been  laid  down  \'ery  auccessfiilly  ui>on  the 
other  limit  just  referred  to.  To  those  who  are  engaged  in  tlie 
Joying  dowu  of  electric  \ig\T,t  \iiatsOia.V\an.4  a  tru*  e*3iTi«a\-^  vi  ths 
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condncters  is  of  great  importance,  as  has  been  repeatedly  urged 
by  Professor  George  Forbea.  In  my  own  practice  I  have  made 
nse  of  a  working  limit  of  about  700  amperes  per  square  inch, 
wUith  coincides  closely  with  Dr.  Hopkinson's  limit ;  and  I  have 
never  found  occasion  to  regret  it..  It.  would,  however,  be  satia- 
factory  to  clear  up  the  doubt  as  t.o  the  exact  inteq»retation  of 
Sir  William  Thomson's  law. 

With  regard  to  Mr.  Sn  ell's  remarks  about  the  extreme 
difficulty  of  ascertaining  accurately  as  to  the  number  of  lights 
which  will  be  rerinired  in  actual  practice,  I  think  we  must  agree 
on  that  point  with  Dr.  Fleming — that  in  the  first  instance  it  must 
be  a  matter  of  guesswork  at  most.  Of  course  we  should, 
nevertheless,  endeavour  to  arrive  at  these  requirements  to  the 
best  of  our  jiower;  and  then,  in  designing  the  capacity  of  the 
conductors,  we  should  take  advantage  of  the  theoretical  methods 
laid  before  us  by  Mr.  Snt-ll,  Professor  Forbes,  and  others. 

Professor  Adams:  I  am  sorry  that  we  have  not  bad  the 
esperience  of  some  of  our  members  who  have  been  engaged  in 
is  subject.  I  am  airaid  there  has  been  somewhat  of  a  check  in 
,he  laying  of  mains  and  actual  distribution,  and  that  practical 
men  ore  not  taking  that  interest  in  the  development  of  the  theory 
of  the  subject  which  they  would  take  if  the  matter  were  pressing, 
and  if  next  week  a  very  important  installation  were  going  to  be 
made.  If  no  other  member  wishes  to  take  part  in  the  discussion, 
I  will  call  upon  Mr.  Snell  to  make  any  remarks  he  may  wish  to 
add  to  his  paper. 

Mr.  SkelL  :  I  am  glad  that  I  have  not  to  reply  to  any  hostile 
criticism  this  evening,  and  I  am  very  grateful  for  the  kind  way  in 
^which  the  paper  has  been  received. 

Dr,  Fleming  has  indicated  what  is  no  doubt  the  great  difficulty 
in  making  use  of  such  calculations^that  is  to  say,that  we  are  not 
called  upon  to  supply  electric  lighting  to  the  whole  of  a  given 
district,  but  only  to  such  inhabitants  as  may  choose  from  time  to 
time  to  take  it.  It  seems  to  me,  however,  that  we  might  fairly 
by  out  our  mains  upon  the  basis  of  being  prepared  ultimately  to 
do  very  nearly  the  same  amount  of  work  as  is  now  done  b^  tb.ft 
ga»  comjiaaieti — that  is,  so  long  as  we  ate  noV  to\i«  i.e^witi^'^ 
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the  property  at  the  end  of  twenty-one  years.  By  that  time  it 
may  lie  hoped  that  a  great  deal  of  gas  will  have  been  finally 
extingmshed. 

Professor  Adams  proposed  a  hearty  vote  of  thanks  to  Mr.  Snell 
for  his  exceedingly  valuable  and  interesting  paper,  which  was 
cordially  given. 

He  then  annonnced  that  the  PreBident  proposed  to  invite 
members  to  visit  the  Swindon  worka  of  the  Great  Western 
Railway  Company  on  30th  June. 

The  meeting  was  then  adjourned  nntil  November  12th. 


Db*b  Bir, 

Kindly  note  that  in  my  paper  on  "  Earth  Ourreat*  in  India,"  datfid 
lOth  September,  IbBl,  there  if  a  printer's  error  in  tha  IBth  line  of  "  diviBioiial " 
for  "diurnal." 

Ur,  ChoiabcrE,  from  whose  observation  a  quotations  appenn  in  the  paper  in 
qDeBtian,writ4iBthat  tlieqnotatLon  rofersto  plut^snot  g'iven  in  mypap^rwliich 
"  Tepresent  Die  lunieolar  variation,  of  horizontal  force.  The  range  of  this 
('OOOS'l)  is,  howi-ver,  less  than  a  tenth  of  that  of  the  solar  diurnal  variatioa 
('IHjmi),  acd  it  is  very  difCureat  in  character," 

TouTB  faithlolly, 

E.  0.  WALKER. 
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(^We  an  indtibUd  to  tho  eaitriaiy  of  the  Inttiiutfon  of  Ciinl  £ngitw«rJ  far oXloviiytg  Iha 
firitfiva  of  the  fallmnny  AbitracU  to  b«  reprinted  from  thtir  Proeendlngi.') 

a.  CHAFEBON— ON  ELEOTBO-DTNAUOUETEBS. 

(VEl«ctrUien,  Tol.  8,  No.  85,  ^.33744,2, 1631,  and  No.  BG,  pp.  SSQ-S89.} 
The  BUtbor  poiBti  out  that  the  inatrtunent  moBt  frequently  employad  hr 
Hit  induatrial  meBiurement  of  Hlternats  corrents  is  tbe  electro -dyiumometer. 
The  mechanical  action  between  its  fixed  and  movable  coils  issuffldentlyitrong;, 
and  the  essential  coadition  for  procuring  comparable  resalt^  in  rariona  cases  is 
Attained,  viz.,  that  this  action  can  lie  easily  measured  or  balanced  withoat 
employing  coils  witli  a  large  niimbar  of  convolutions.  If  used,  however,  as  a 
voltmeMr  for  measuring  the  difference  of  potential  of  two  points  in  a  circuit, 
the  insiroment  mast  have  a  high  resistance,  which  can  be  obtained  either  \iy 
dimiuialiing  the  section  of  the  wire  composing  the  coils,  or  increasing  the 
aomber  of  convolutions.  In  the  former  case,  the  current  traversing  the 
dynamometer  becomes  very  feeble,  and  the  mechanical  action,  which  varies  as 
the  square  of  the  current,  soon  ceases  to  be  perceptible,  and  in  the  latter  case, 
the  coefficient  of  self-induction  is  considerably  augmented,  and  the  instromont 
can  only  bo  used  for  comparing  variations  of  potential  of  the  tame  period  and 
form.  Tlie  author  refers  to  the  investigations  and  [ormnla*  of  Mr.  Joubert, 
which  show  that,  in  the  construction  of  an  etectro.dynamameter  oC  high 
reslBtauce,  the  difficulty  is  to  augment  this  resistance  without  increasing  in 
the  same  ratio  the  cooCBcient  of  self -indac (ion,  and  diminishing  the  sensibility 
too  much.  In  order  to  overcome  this,  the  author  suggeata  that  the  electro- 
dynamometer  might  be  composed  of  two  flat  discs  spirally  covered,  with  fine 
wire  and  mounted  very  close  together,  as  in  the  electro-dynamical  balance  of 
Ur.  Lallement.  If  a  current  is  made  to  traverae  the  two  spirals  in  contrary 
directions,  the  coefficient  of  self-induction  for  the  whole  system  will  be  very 
feeble,  but  the  repulsive  forco  of  the  discs  will  be  so  strong  that  it  can  be 
measureil  by  the  torsion  of  a  spring  or  other  method.  Instead  of  measuring 
this  force,  the  detlection  of  a  light  coil,  or  a  piece  of  soft  iron  of  small 
magnetic  inertia  suspended  between  the  discs,  can  be  read  off.  The  second 
plan  would  be  preferuble,  if  the  discs  were  required  of  aoch  weight  and  volume 
that  tbe  suspension  of  one  of  tbem  would  prove  inconvenient.  In  placu  of  the 
discs,  two  fiat  bobbins  in  close  contiguity  c.in  be  employed,  and  so  ttStMi^A. 
that  a  moFjiWe  tyatem  can  he  easily  suapended  between  IbcTa, 
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In  an  apparatng  ot  tUU  kind,  it  it  imporUnt  to  know  what  error  has  been 
iotrodaciHl  by  aeglecting  the  ratio,  or  rather  the  square  ot  the  ratio,  of  t!ie 
coefBcient  of  self -induction  to  the  reaistance.  The  author  de«cribei  tlie  method 
adopted  by  bim  for  (iBterminiDg  th.e  limit  ot  this  error,  and  the  coefflcient  bf 
which  any  current  passing  through  a  given  coil  must  be  multiplied  to  obtain 
the  total  quantity  of  electricity  traversing  the  wire  duriug  tbc  period  of  the 
extra-current  or  time  during  wliich  this  current  must  nirculata  in  the  coU  to 
furnish  the  r.ime  amount  of  elsctriclty  as  tliat  due  to  the  Suul  impulse. 

In  a  continuation  of  the  paper,  the  author  gives  diagrams  descriptive  of 
the  type  of  electro -dynamometer  devised  by  him.  In  the  directing  field, 
formed  by  two  fixed  culls  plac«d  close  to  cacb  otber,  and  arranged  so  that  the 
current  traverses  them  in  opposite  directions,  is  suspended  bifllarly  a  disc  of 
varnished  cork  wound  spirally  with  about  fifty  oonvolulions  of  wire.  The 
podtioQ  of  equilibrium  of  the  disc  must  be  made  to  coincide  with  tbe  plane  of 
separation  of  tbe  coils.  By  means  of  a  mirror  fixed  to  the  disc,  the  dedection 
of  the  latter  con  be  determined  and  the  strength  of  tbe  directive  force 
evaluatitd.  For  leading  the  current  into  the  movable  circuit,  the  two  sa£|i«B. 
■ion  vires  may  be  employed,  as  in  Weber's  apparatus,  but  as  their  length  mnit 
be  considerable,  in  order  to  avoid  heating,  this  method  is  inconvenient. 
Mercury  cantacl«  in  the  cose  of  inatruments  of  high  resistance  ai a  dlfflcolt  Of 
adjustment.  The  author  lias  found  that  the  following  device  give*  good 
results:  the  two  ends  of  the  'trire  forming  tbe  movable  coil  are  soldered  to  two 
fine  copper  wires,  shaped  like  a  two-pronged  fork  j  the  extremity  of  each 
prong  dips  into  a  jar  filled  with  a  saturated  solution  of  cuprio  sulphate,  tbe 
current  being  led  from  the  fixed  coils  to  copper  electrodes  suspended  in  the 
jars.  As  tbe  instrument  is  employed  for  tbe  measurement  of  alternate 
currents,  no  inconvenience  arises  from  the  electrolyte. 

This  form  of  movable  circuit  is  absolutely  astatic,  and  Uierefore  insensible 
to  terrestrial  magnetism,  or  even  to  any  more  powerful  magnetic  Quid  in  widcli 
it  may  be  placed.  The  author  has  also  employed  fur  the  movable  system  a 
light  disc  of  soft  iron,  making  an  angle  of  some  degrees  with  the  plane  of  teps- 
ration  of  the  two  fixed  cuils.  Witli  a  disc  O'l  millimiitre  thick  pierced  in  the 
centre,  and  having  radial  slits,  sensible  dcdectlons  are  obtained  from  a  current 
of  less  than  tbe  two-lhuusunilth  part  ot  an  ampere,  or  an  electro.motive  forceof 
liulf  a  volt  at  the  terminals,  the  coils  being  joined  together  in  derived  circuit. 


P.  EVBABD— EtECTEIC  FfEE-ALAEMS. 

(La  Lrnnifre  Elecfriqaa,  Vol.  13, p.  85,  1684.) 
Tlje  electric  flre.nlarm  systems  of   dlOerent  countrieR   are  classed  by 
M.  Barteloui  under  the  following  biaids ; — 

litSyiiem. — Giving  the  alarm  toa  flra-staiionor  to  a  police  oOlce,  which 
is  in  telegraphic  communtcatlan  with  the  branch  and  head  stAliuns  of  the  &te- 
brigade. 

2nd.  EJectric  ootmnunicfttion  Irotn  Vbe  N woQA  \u'^<»^'^^™>  tostwcially 
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coDStmcteil  alarm  boxes,  which  may  bs  worked  automatically  or  require  to  be 
put  in  actiOD  by  an  official  of  the  force. 

Sni.  Private  apparatos,  enabling  ona  to  gire  tbs  alarm  from  one'i  own 
boose. 

41ft.  Automatic  apparatus,  giving  the  alarm  on  pyrometrical  principlcB. 
btk.  Application  of  electricity  to  accelerate  agBietaiice. 
Nearly  all  large  towns  come  ondBr  the  Brat  category,  and  have  their  police 
'offices  coimniinicating  directly  witU  the  cbief  and  brnnch  fire-atations.  To 
make  thia  system  thoroughly  efficient  ther^  abould  always  be  an  alarm.o0lce 
within  300  yards.  The  telegraphic  aystemhaa  the  advantage  ot  preaerving  a 
record  of  the  indication  and  ordera  given,  by  which  means  it  is  easy  to  oacer- 
tain  who  is  responsible  for  the  alarm. 

In  Paris  the  chief  atation  of  the  fire-brignde  ia  connected,  not  only  with  tlie 
branch  stations  and  police  oflices,  but  also  with  each  of  the  following : — 
OIL       1.  The  ktad  office  of  the  water-anpply. 
^H       2.  The  head-quarters  of  the  "  AitiiEanM  FabUtUt." 
^M      8,  The  "Prifacture  da  Polia." 
^H       4.  All  lulegrupb  oiUces. 

H(       It  has  also  been  proposed  by  the  "  DniOn  8>indieaU  "  that  messages  lelating 
to  (irea  should  lie  transmitted  tree  of  charg-e  by  all  telegraph  ollioes. 

The  sjBtem  which  cornea  under  the  aetond  hi^ading  is  that  employed  to  a, 
great  extent  iu  Germany  (Frankfort-on-th^-Main,  Munich,  Hamburg)  and  also 
at  Anialerdam,  In  Belgium,  Verviers  alone  haa  n  system  of  thu  kind,  ihougb 
Bras^tls  baa  lately  adopted  it  in  theatres  and  public  buildings.  New  York 
pcHaeases  a  great  number  of  alarm  boies.  These  can,  however,  only  be  opened 
by  numbered  keys  furnished  to  r<;spunuljlo  pcraona,  and  when  the  alarm 
has  been  given  the  ki-j  cannot  Rgatn  be  withdrawn  without  the  use  of  a 
duplicate,  the  possession  of  which  is  conilned  to  the  police  aud  tire-brigade, 
thus  preventing  all  falac  alarma. 

Members  of  the  Slock  E.ichange  and  other  people  in  London  who  are 
sabacribera  to  private  telegraph  and  telephone  companies,  have  the  power  of 
obtaining  usaistance  tlirough  theae  channels,  under  the  third  Hj'atem. 

Under  the  fourth  heading  come  a  number  of  apparatus  working  on  the 
principle  of  expansion.  When  a  fire  breaks  oat  the  heat  generated  causes  the 
completion  uf  a  circuit  fay  expanding  some  part  of  the  apparatus  so  as  to  come 
in  contact  with  another  portion,  and  in  thia  way  the  alarm  is  given.  There 
are,  liowever,  many  disadvantitgea  iu  thia  system.  To  make  it  properly 
efficient  a  great  uumber  would  be  required,  wliilat  their  Uabihty  to  get  out  of 
order  wonld  necessitate  a  great  deal  of  looking  after.  They  would  be  of  great 
use,  however,  if  placed  near  enough  to  the  possible  sources  of  a  flre,  or  where 
there  was  a  danger  of  apontaneoua  combustion. 

A  very  ingenious  systeiti  iu  use  in  the  United  States  may  he  mentioned 
under  the  Dfth  heading.  On  the  alarm  tving  given  the  current  cauaes  the 
doors  of  the  ttre-station  to  open,  the  horses  leave  the  stable  and  place  them- 
aelvea  beroru  the  engine,  the  harness,  which  ia  suspended  over  it,  drops  on  to 
them,  and  in  five  seconds  the  engine  daslies  ou^    l^os  \iL\t»»\^ia.^%'a<ixiMK» 
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after  the  alarm  has  been  given  tiie  firtl  eugme  might  be  on  the  apot. 
next  tboQght  thai,  by  the  ok  of  water  on  the  point  of  ebullition,  pome  of  the 
time  required  to  gut  tbo  engine  under  preunre  might  be  saved.  The  Qtb 
minutes  fullowingthe  alarm  are,  in  the  opinion  of  the  heads  of  the  Metropolitau 
Pire  Brigade,  more  important  and  valuable  than  thefiveauoceeding  hours.  TBJjL 
save  a  fatr  minutea  at  this  critical  moment  the  6an  Francisco  brigade  liave  al^| 
)wiler  in  the  basement  which  it  connected,  bjr  meana  of  an  inlet  and  outlet  pipe, 
with  the  boiler  of  the  flre-cDgine,  and  kiipt  in  a  constant  state  of  ebnllition. 
Hie  oonnectioa  between  these  boilers  is  brokeii  oS  by  the  current  which  gives 
the  alarm. 


3.  KUNIEB— TELEaRAPHia  AFCABATUS. 

(L<t  LamiSra  EledriiM,  Vol.  I3,jip.  379-382, 1881.} 

ThiB  is  a  corrected  itatement  of  the  work  obtained  from  teleg^raphic 
raliu  actuall  J  in  use  in  the  Freuch  service.    The  author  makes  two 
divlBlong,  into  nig^oalling  and  printing  apparatus,  and  gives  the  folloiving  list 
of  gjstems  in  order  of  speed : — 


NDiDljor  ol 

Thooielicnl 

cliarurTfiTb 

pruJn^iLon 

Pnctical 

a  mLnuui. 

uf  mcsjugi^B. 

pfwluctian. 

1.  Baudot  (sextuple) 

ii. 

... 

7bO 

360 

200  to  aSO 

„       (quadruple) 

... 

... 

620 

S40 

180  „  ISO 

2.  Meyer  (octuple  regulated 

'1 

730 

333 

200  „  350 

SD  revohitions),.. 

•>■ 

Meyer  (sextuple)  ... 

... 

... 

600 

276 

180  „  20O 

„       (quadruple) 

... 

... 

400 

ISi 

120  „  IGO 

3.  'Wheatstone 

ill 

... 

3nu 

138 

120 

4.  Hughes      

... 

.1. 

175 

80 

eoio   70 

6,  Morse         

p.. 

... 

75 

3S 

23  „    80 

6.  Needle        

>■> 

... 

60 

28 

19  „    20 

The  number  of  forty  to  fifty  messagps  attributed  to  the  Hagbes  system  i 
qnite  errontoui,  aa  is  ihot  of  aevButy-Hve  to  Meyei-'s.    A  Meyer  oclople  app 
ratue  produces  aa  many,  if  not  more,  than  a  Baudot  seiluple,  similarly  ns  i 
Meyur  sextuple  will  produce  more  than  a  Baudot  quadruple.    The  lule  advan- 
tage of  the  Baudot  is  that  it  prints. 

If  the  namber  of  emissions  of  current  to  produce  a  given  nnmber 
charncters  be  the  sUvndard,  the  Hughes  is  far  in  advance. 

lo  produce  one  character  in  each  isygtem  retioires — 

In  Hughes  system  ,.        1  emission  of  current. 

„  Meyer        „  8  to  4  „  „ 

„  Morae        „  4         „  „ 

„  Baudot      „  S        „  „ 

„  Wheatstono  6         „  „ 

.,  Meedle       „  6  to  7 

For  signalling  apparatuE,  in  OTilet  to  ob\.w»  ■Ooa  ^-jia^^  ot  fmiseionf,  it  it 
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necesaar;  to  knov  tbe  average  presautation  of  each  letter  in  the  (ormatioa  of 
wonls,  and  this  iB  for— E  21'J,  R  US,  N  lOS,  A  107,  8  106,  I  105,  T  gg,  U  83, 
0  80.  L6y,  D6a.  C48,  P.16,M46,E39,V27,  GH7,H17,  F15,  IJ15,  Blf  S8, 
Y  6,  Z  6,  J  fi,  K  l.» 

Given  a  wire  capable  of  three  handred  thousand  emissioiu  an  hoar,  and  a 
meftn  of  uae  buudrnd  anil  thirty  emiasions  a  mea^ugu — 


The  Hughea  shonld  give 
„    Meyer        „  „ 

„    Morse       „ 

»    Baudot      „ 

„     'Wheats  tone  „ 

„    Needle      ,. 


2,303  messages. 
66S       „ 
Wfi       „ 

462         „ 

S85 

355 


Bespite  the  moalifigeQiona  mechanical  arrangementsj  the  producing  power 
of  all  the  apporatos  remains  inferior  to  that  of  the  linet. 

The  author  termiuatea  hia  remarks  toy  a  statement  of  the  production  of 
each  apparutoi  actually  in  uae  per  hour  and  per  employ^. 


Baudot  sextuple 
Uc  jer  wxtaple 

'Wheatitone     ... 
HughoB     

MoiM. 


NutnbOt  ot 

210 


Toljil  DQmbQt  at  flTdploi^^ 
ol  (liH  wire. 


Mbaq  nnm1)ur 
uf  maiBeiiguiJi. 


IS (12  operators,  3  writera  (g^o 

2  diractiiis)  J  18   " 


Needle 


180 


ISO 


GO 


80 


SO 


13  operators  (iDcluding  2m8o 

directorsoraaperintcudentsj  J  12 

120 
8  (8  operators,  2  directum)  — - 


1  operators 


i^  =  15 


15 


60 
4 

C'    IS 

SO 

-  16 

so 

2 

-  10 

It  seumB  that,  whichever  tbe  system  nsed,  the  number  of  mesaagus  per 
employ^  jj  practically  the  same.  With  the  high  speed  upparatus  of  Baudot, 
Meyer,  and  Wliealstone,  the  average  19  reduced  hy  Uie  pi'esence  ot  speoiul  em- 
pluyi^n,  termed  directors,  who  keep  the  apparatus  iu  working  order,  Thu»e 
directors  are  muru  or  less  neceaiary ;  the  Baudot  apparittus  CEpecially  refuses  to 
wurk  it  he  be  absent  half  an  hour.  This  ii«  a  great  incoavenieuoe,  and  points 
to  considerable  improvement  still  to  be  effected. 


Us,  A.  T0B1E»-N0TE  ON  A  CONDENSEB. 
(to  LwaiiTe  Ehetjique,  Vol.  14,  jy.  486-4fi8,  1885.) 
The  condenser  in  question  was  conitracted  by  Messrs.  Berthoad,  Borel,  te 
Co.,  of  Cortaillud,  Switzerland,  and  was  of  tbe  nominal  value  of  I  miorofarAd. 


'Tblsls,  utcoana,  itii  tlie  FtaDfllilaasaage. 


UO  ABBTBACTB. 

According  to  the  Beport  on  the  ElectHc  Exhibition  of  Uiuiieh,*  itx  dielectric 

cDDtiaU  of  pap^r,  treated  with  a  mixture  of  retin  (colophoniuiii)  and  oxidised 
IJOBeed  oil.  Tliia  material  preaenls  the  special  advaotage  of  retaining  ihti 
Bmall«8t  possible  residual  charge,  timt  is,  its  abgurptive  power  is  exceeding  low. 
The  Huliior  carried  out.  inveet,igatioDB  as  to  the  followiog — InSuence  <il 
duration  of  cbargt'i  of  ctmrging  potential;  iuiulatioa;  reiiilaal  charge;  valao 
of  sobdi  via  ions. 

IitliaenCL-  ol  daratiou  ot  charge : — 

t  =  2  Qanietl  elements. 
Oapacitr  -  1  icfd.  T  -  13*5°  C. 

Oantion  of  Dhai^.  Settecliloii. 

2aeconda  16S 

5       „              ...       „.       ...    166-5 
10        „  1G7 

20      „  ler 

80        „  167 

130        „  167 

At  the  end  of  ten  secondB,  therefore,  the  condenser  took  its  maximtun  charge. 
As  to  the  inftuence  of  the  charging  piilential,  the  author  nt  first  cxperi. 
enced  oome  diSercnces,  although  id«nlicalitj  of  colls  wiui  caret utl.v  vi^ri lied ;  but 
by  charging  from  the  same  buttery  shunted  with  lliree  resistances  of  5,000 
ohmi  each,  nL  different  points  of  the  circuit,  nearly  perfect  concordance  wai 
esiaWiahed  vritli  pixiportionality  to  potential. 

Charged  with  3  Daniells,  tlie  maximum  loss  of  ctiarge  in  one  miolite  vai 
1'5  per  cent.,  a  regull  aaid  by  the  author  to  be  rarely  attaineil. 

Tims  of  olisrKS, 

10  seconds 

15       

20      , 

30       

40       , 

60       „      

It  is  curious  tt)Jiol«  thiit  the  loss  dLniinishea  with  increuiing  times  of  charginx- 
Por  residnal   charge,  tlie  condenser  was  charged  daring  ton  aceonde, 
dlecliarged  dnring  n  given  time,  insulated  for  two  minutes,  and  agiiin  put  into 
coimection  with  thegalvanumelev. 

P  =  aDauidls;  Cap.  -  1  m(d,;  Temp.  -  16O0. 

i\«iid..ii..n  Time  of        Clmriro  nmalalni;  after 

iwueoium.  diichnige.      Jminotee- insuUKluo. 

1,700  I  sec.  10 

10  „  i 

16  .,  a 

»  80  „  1 

80  „  076 


Tmmoilintfl 

After 
I  luiimLD. 

1S7 

I64'& 

1'6 

165 

1-a 

ISS 

l-S 

166 

08 

168 

&6 

166 
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K.  KESEHU8— ON  AN  AUPICEE-HETBB  BASED  ON  THE  FGLTIES 

EFFECT. 

(empr*!  Repertonit'a  dtr  PSj/ivfe,  Vol.  21,  p,  ISl,  188G.) 

TUia  initnimeiit  cocsUta  es9«utial!j  of  adiilereiitiBJair-tliennomater,  the 
two  bulbs  of  wbicb  enclose  tbeoppoaiUendBof  a  thermopiie)  bo  tliut  tvben  an 
deotrical  carrenC  is  paBsed  ibrough  Lbe  thennopile  it  travergea  the  junctions 
in  each  bulb  io  opposite  diPaclionH ;  and  ai  a  result  of  Uie  pBltier  effect  tbera 
will  be  a  cooling  at  one  seL  of  junctions,  anil  a  hesiting  at  llie  other ;  the  action 
of  this  on  the  gai  encloaed  in  tbo  bulb  will  caoae  a  inovemeat  of  tha  mercury 
ladaxiu  the  due  tube  which  oonnecti  tbetwobnlba.  The  heating  of  the  bara 
themaelrea  by  the  current  will  be  equal  in  escli  tube,  and  ilierefore  mcb  eflaat 
will  be  balanced. 

For  alumate  outrenta,  the  InElrament  can  be  used  at  au  ordinary  air- 
thermometer,  and  the  movcmciit  of  the  index  will  then  be  prupgrtional  to  the 
■quiire  of  the  current. 

Di  an  instrument  of  Ihia  type  constructed  (or  the  author,  twelve  bars  of 
inn  and  nicki-l.  soIJered  together  to  form  two  pairs  of  series,  are  boauu  together 
with  cement,  sii  ;is  to  forma  solid  prism,  aad  on  to  its  ends  were  cemented  glass 
vessels,  each  entered  by  two  small  tubes,  one  in  each  communicating  with  the 
U  tuba  couUining  the  mercury  index,  and  tha  others  through  a  pinch  cock 
with  the  outer  air.  By  comparison  with  one  of  Ayrton  and  Perry's  ammeters, 
a  movement  uf  one  division  of  the  scale  indicated  a  current,  of  0'6S  ampi^re. 

The  following  advantages  are  clsimed  tor  tliia  form  o(  instrument:  that 
it  gives  the  intensity  of  the  current  at  each  moment,  thus  superior  to  n 
voltameter;  it  can  be  aimjily  and  cheaply  constructed;  it  can  be  used,  aa 
indicated  above,  (or  either  direct  or  alternate  currents  i  and,  especiaUy,  that 
it  if  absi.'lutely  unaffected  by  nay  magnetic  field,  and  can  therefore  be  used  in 
close  proximity  to  dynamo  machines. 


CAZLLETET  and  BOUTT— CONDnGTIVITY  OF  SOLID  MEECUBT 
AND  OF  fUIli:  llETALB  AT  LOW "  TEMPER  AT  UEE9. 

t(Comji(<u  Bmdta,  Vol.  100,  Ho.  19,  ifoy  11,  1886,  p.  1188.) 
The  experiments  of  Matthieesen  and  Senoit  have  shown  that  tor  (em- 
ratures  between  zero  and  boiling  point  the  mean  coefficient  of  increase  of 
resistance  per  degree  does  not  differ  materially  for  different  metals,  and  it  is 
represented  very  closely  by  the  fraction  ^,  the  coefficient  of  eipanaion  uf 
gases.  It  was  tberefore  interesting  to  se«  if  the  law  held  good  below  zero, 
since,  if  the  resistance  continued  to  decrease  by  the  same  quautiiy,  tlie  resist- 
ance of  a  metal,  varying  as  tbo  pressure  of  a  perfect  gns  at  constant  volume, 
would  serve  us  a  meaaure  o(  the  temperature,  and  would  become  nothing  at 
the  absolute  zero  o(  temperature. 

The  authors  have  carried  out  experiments  with  mercury  encloiad  in  spiral 
glass  tubes  surrounded  by  freezing  niislun;B  or  by  met.\is\  c\i\OT\4ii  -,  a.\«i  laVVa 
other  mer»]a  voiind  into  boUow  coils,  which  COuU  toft  ivum^twi  to  e.  »vtoAm 
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way.     The   temperatures  were   read  on   a  hydrogen  thennonietar.     The 
roeaHurcmeatE  of  reaiatance  were  merely  comparative,  and  are  not  ^ven  in 
ohniB,  t.Le  Blandard  o£  comiiariBon  having  been  u  i^olunin  of  mercury  at  zero,     ^^ 
The  following  iive  the  remits  obtaijiBd : —  ^H 

I,  Jferniry. — Tlie  fonnula  for  mercary  above  zero  can  lie  applied  down  lo^^ 
tbe  point  o!  iolidiflcation  f  —  S9-5°  O.) ;  the  metal  then  becomes  a  mncli  better 
conduotor,  and  at  —  ifV*  C.  it  ia  4'08  times  better  than  tbe  liquid  metal.    The 
reiietance  of  the  sulid  mercury  decr^aaei  regularly,  and  between  —  40^  0>  aiul_ 
—  039  0.  it  it  given  by  the  tonnulct 


Br  ■  B— 40 


i^  '-'l 


loi^H 


where  the  coefficient  a  =  0-00407,  which  ia  about  Bvo  times  that  tor  liqn 
mercury,  and  nearly  approacliKS  that  for  other  metals. 

2.  Bil-'Cr,  Aluminium,  Hsgmnum,  Tin. — The  same  formula  holds  g;ood  for 
these  four  metalii,  viz., 

B,  -E,(lf«t,\ 
where  a  haa  the  foUowing  values : — 

Silver O'OOSSB 

Aluminium     O'OOSaS 

Magnedum      O-OD390 

Tia       ...        „        0(1043* 

3,  Copper — A  much  more  complete  series  of  ejtperiraeuia  than  with 
other  metals  led  to  tbe  values  of  e. 

Limits. 

O''to-68'a2' O'OCMIS 

-68-65°  to  -101-80=  O-OOMS 

-llSOa^tJ) -13282 l)-0»84 

These  values  are  higher  thau  those  previously  found,  vie.,  Matthiesaen  0-00367, 
and  Benoit.  0003637.  ^m 

i.  Iron,  Flatini'm. — These  two  metals  are  nolsoregiiilar  in  their  bebarion^^l 
Por  iron  the  formula  given  above  (aeo.  3)  holds  good  from  0°  to —93"  with 
B-0'0049.    For  platinum  at  0°,  a  =>  about  0-0030,  which  beeomes  O'OOSiS 
— 94'57°,  showing  that  platinum  aiiprozcimatei  to  the  other  metuls  at  very  k 
temperatares. 


DELFIEU— FIRE-DAMP  ALABM. 

(ComplsB  nemfui,  Vol.  100,  ,Vo.  20,  Mny  1?,  1885,  p,  1417.) 
The  apparatus  described  depend.i  for  ita  action  on  the  changes  of  densi 
ot  n  mixture  of  air  auJ  marsh  gas,  lliu  proportions  of  which  vwry.     It  i«  an 
improvement  on  an  original  apparatus  submitted  to  the  Academy  in  Augusi 
1881.  

BBHOIT— CONSTKDCTION  OF  COPIES  OF  THE  LEGAL  OHM. 

(Joiimat  rfo  Phyiigue,  Fol.  4,  Jan.,  IS.'jS,  p.  6.) 
After  the  Confercaceofi884,at  which  the  legal  ohm  wasseUled,  thcautb 
ras  requested  by  lUe  Minislei:  ol  'Eostt  B.niT;e\tten.t\«  '\ra^iiAli.%<u:;s^\«K«t  tbe 
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unit  at  resisUncc.  This  he  waa  able  to  do  "with  gcaaX  accuracy,  having  placed 
at  bis  dupLisal  all  the  tesnurces  of  the  Intevnatiqnal  Comnuttee  of  Weights  and 
Heaaores, 

To  calculate  the  resistance  of  a  oolumii  of  mercury,  it  is  necessary  to  know 
(lit)  the  iclemal  shape  of  the  gloss  tuhe,  (SndJ  its  capacity,  (Srd)  iU  length ; 
we  can  theu  use  the  formula, 

p  \  \U+»i  -»o     0+Bc  -'b  /  n-ni +  «■-!„  J' 

where  r  is  the  resistanceofacolumaof  unit  length  and  unit  section ;  E  is  length 
at  lero  of  one  division  of  the  graduated  tube ;  v  the  capacity  of  one  division  ; 
a,  b,  e,  &c.,  the  several  divisions-,  0  thQ  constant  value  b— biC— bo  &c.; 
Co,  ■«  the  correctiona  to  be  made  for  the  individual  divisiont. 

In  order  to  introiiucc  the  mercurial  column  into  tiio  circuit,  the  connec- 
tions were  made  by  means  of  large  flasks  full  uf  mercury,  into  which  the  tuhe 
entered  through  lateral  tubuluri^s.  This  mi;t!iod  uf  connection  introduces  an 
additional  resistance  wlUcU  must  ha  taken  inio  account.  It  is  obtained  by 
ailding  to  the  length  of  the  tube  a  quantity  equal  io  Q-B2  times  its  diamet«r. 
The  coelEoieut  0*82,  wliich  had  been  deduced  by  Lord  Bayleigli  from  theo- 
retical conaideraliuus,  has  bKon  eiperim  en  tally  verilled  by  Mascart  and 
De  Nerville. 

The  author  made  use  of  (our  tubes,  two  of  green  glass,  two  of  flint  glass. 
They  were  all  about  1'2  ro.  long,  with  a  sectional  area  of  1  square  mm.,  and 
were  divided  Into  miUim(!trei  fur  a  length  of  1'05  m.  Tliey  had  been  prepared 
fourteen  months  before  lliey  were  actually  naed. 

The  calibration  of  the  bore  of  the  tubes  was  most  carefully  catTied  out  In 
tha  same  manner  as  is  .done  iu  the  caiiB  of  delicate  thermometers,  viz.,  hy 
accurately  mcaiuring  the  length  of  a  thread  of  mercury  at  various  pointa  of 
the  tube. 

To  determine  the  capacity  of  one  division  of  the  tube,  it  was  £lled  with  & 
column  of  mercury  050  to  1,000  mm.  long,  which  was  in  like  manner  measured 
in  twenty  different  positions,  allowance  being  nuidi;  lor  errors  in  the  siiie  of 
bore  as  determined  by  the  preceding  oiieration,  aud  also  for  the  meniicDS,  Tha 
length  having  been  thus  most  carefully  ascertained,  the  mercury  was  emptied 
into  a  small  glass  vesst],  and  weighed  with  all  the  nicety  possible  with  the 
very  lUIicate  instruments  of  theCummitteo  of  'Weightaand  Measures,  Adopt. 
ing  the  value  13-59u8  for  the  apeciflo  gravity  of  mercury,  it  was  then  easy  to 
calculate  the  volume  comprised  between  any  two  divisions  of  the  tube.  It 
was  found  that  in  the  measuremenis  of  len^tlis  it  was  suflicienl  to  divide  the 
lube  into  twenty-one  sections,  as  this  gave  the  trae  riisistance  within  ^BaiiCB' 
Starting  from  the  zero  division  the  exact  length  of  each  tube  was  determined 
which  should  have  a  reBiBtani:e  of  one  legal  ohm,  aud  by  successive  trials  the 
tube  was  reduced  to  this  length.  The  whole  of  the  measurements  having  been 
made  at  the  prevailing  temperature  of  the  room,  the  coefBcient  of  expansion  of 
the  glass  was  obtained,  and  tlie  corrections  made  to  bring  the  values  to  zero. 

The  geometrical  determinations  having  been  completed,  tUalw^laxvuftol 
the  four  ttibes  ven  camparetl  electrically  amongst  ttiemB«i\Y«&,  I'Ut '\scu^i^ 
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ira«  made  up  of  three  German  silver  wire  reaiaianees,  eaeh  neHriy  onp  ohm  in 
value,  the  tourlh  branch  oontftining  the  tube  imder  l«al.  The  ajipnratu*  was 
completed  by  a  Btretched  wire  witli  r  lUdiiiK  conlact.  A  liiiptncement  ol 
1  mm.  OD  the  bridge  wire  cauted  r  dtiSection  ol  abant  SCX)  mm.  ou  tbe  M&le  of 
the  galvanometer.  The  value  u!  the  bridge  wire  had  been  accoralely  detM- 
miiied  beforehand,  and  it  was  found  that  1  nun.  was  equivalent  to  0-0000907 
Oliin.  Tho  compariiona  were  miiulo  between  each  pair  ol  Inbea  by  two 
observer!,  tbe  aatbor  and  Ur.  De  KervUle. 

Admitting  that  lUe  meat)  value  0309994  ohm  ai  deduced  frooi  ilie 
geometriciU  tQeasuremeiits  ia  exact,  the  reiiBtances  ol  the  four  tub(-»  coine  out — 

Benoil.  DS  Nerrnie, 

I.        1-000010         i-ooooao 

n.     O'BBwau       i)'999ii9a 

m.       O-SOSSBl  Oe90969 

ir.       ...         ...         „.         ...        1-000002  1-0000(H 

Hore  easily  portaMe  cupieB  of  these  four  standards  Lave  also  been  made  in 
gUn  tubes  Quiled  into  a  spiral ;  the  tnd«  being  reduced  natU  the  reeislaiioe  of 
the  spiral  was  made  accurately  equal  to  oue  legol  nhiQ. 

With  reference  to  the  point  of  tbe  purity  of  the  mercury  employed,  Mr. 
Benoit  rtmarks  that  after  several  testa  it  was  found  that  mercury  pnrifled 
repeatedly  by  the  aotion  of  hot  nitric  acid,  theo  dried  under  a  layer  of  canc«ii> 
trated  sulphuric  acid,  and  finally  passed  over  cauatio  potash,  was  alwayl 
directly  eomparablo,  from  whatever  source  it  might  have  been  derived. 


H.  PELLAT— CAUSE  OF  THE  ELECTEI  PI  CATION  OP  CLonDS. 

(Joumoi  d»  Pkyiiqui,  Tot.  4,  Jan.,  1SB5,  p.  18.  La  Ltunuft  Eltttriqut,  Tot.  U 
So.  18,  ITav  3,  I88fi,p.  238.3 
When  the  potential  of  an  insulating  medimn  increasoK  &s  we  recede  I 
ft  conductor  in  its  midst,  tbU  latter  is  negatively  electrified;  and  iiiin  is  thi 
caae  with  the  air  in  tluo  weather,  so  that  Peltiur's  kypofkeiU  that  the  ground  is 
normally  oovered  with  a  layer  of  negative  electricity  can  he  shown  to  be  a/ad. 
Even  if  Home  portions  of  the  earth's  surface  are  positively  electriHed,  as  is  indeed 
tbe  case,  they  are  so  limited  in  estent  as  to  leave  the  balance  of  the  earUij^H 
charge  of  negative  sign.  ^^t 

A  Cloud  arising  near  theeartli's  Burfaco  may  be  ia  electrical  communica' 
tion  with  it,  and  so  become  negatively  electrified,  and  on  the  dispenion  of 
this  cloud  by  evaporation  tba  surrounding  air  would  take  up  this  u^ktiTe 
charge.  A  cloud  is  a  suHlcieutly  good  conductar  to  allow  of  the  potential  at 
all  point!  in  it  being  practically  the  same,  If,  then,  a  cloud  is  formed  in  aa 
orignally  clear  sky,  this  oload  will  be  eIa:triAud  positively  below,  and  nega- 
tively above.  It  now  by  the  action  of  the  wind  the  two  portions  of  the  cloud 
become  separated,  we  have  two  clouds  charged  with  oj>posite  signs.  Not  oeiy 
can  this  electriUcatton  by  induction  be  shown  to  take  place,  but  it  may  tM 
further  shown  that  the  quautity  thus  producerl  is  sufficient  to  accoBnt  for 
electrical  storms,  for  as  the  clouda  tuq  U^vc  v^tA^lia.!  Increase!  enonnooily, 


ABSTEAOTS. 


44S 


profcably  by  one  C.G.S,  nnit  tor  each  mttre  of  elaTaiion,  »o  l.hat  the  mere 
dlfplooement  of  clouds  may  j;ire  riea  todiCereucesof  potential  correBpouding 
to  Mverftl  thouainil  unita. 

The  author  therefore  reduces  the  eleclrifleation  of  clouds  to  the  exiatence 
of  A  DeguliTe  charge  of  electricity  on  the  earth's  suiface,  which  he  comiden  to 
luve  alvayg  esUted  since  ita  formatioQ. 

IAKON.— IKSULATENO  SUPPORT  FOR  EKPEBIMENTB  IN 
STATICAL  ELEOTRICITT. 
(Lo.  Lunifiirt  Eltetriqae,  Vel.  16,  Ha.  18,  Hoy  3,  18S5,  j>.  247.] 
Before  the  introdnotion  of  gloes  lupports,  kept  iij  by  the  uie  of  con- 
centrsted  mlpliuric  acid,  it  wan  cuatomary  to  nae  stands  which  were  kept 
warm  ia  order  to  prevent  the  deposition  of  aoy  moiaiure.     Mr.  de  FonvieUe 
baa  proposed  to  return  to  thin  former  method,  and  he  huit  introduced  a  form  of 
glaaa  support  carried  on  a  glasa  tube,  into  wbieli  ii  sealed  a  platiQum  wire 
coil  which  can  be  readily  heated  by  a  current,  and  by  this  means  the  glut 
luay  be  kept  warm  and  the  deposit  of  moisture  prevented.    An  illustration  of 
tlie  etand  is  given  in  the  original  article. 


I 

di 
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BAJLTOLI  and  PAP ASOOU— ELECTROLYSIS  BT  DISCHAEQE  OF 
LEYDEN  JAEB  THROUGH  OAKBON  ELECTEODEB. 


{Beaiiiittr,  Tol.  9,  No.  8, 18SG,  p.  183.) 

By  repeated  dischargea,  about  six  millionB,  tlte  carbon  electrodes  were  not 
disintegrated,  but  were  only  sUglilly  corroded  at  their  [joints.    With  powder 
o  renctioQ  tuok  place,  although  the  uurrenta  would  have  sufficed  to  produce 
eral  cubic  centimetres  of  explosive  gasM. 


LEWZ-UBE  OF  THE  TELEPHONE  FOE,  MEASORINO  TEMPEEATUBE. 

IBcS/lattor,  Vol.  9,  No.  8,  188G,  p.  192.) 

One  junction,  a,  of  a  thermo-electric  couple  is  kept  at  a  constant  tem- 
perature, the  other  is  placed  at  the  point  of  which  tho  temperature  is  to  be 
liatermined.  An  induction  coil  and  a  silent  contact-breaker  are  joined  up  in 
the  circuit.  The  junction,  a,  ia  then  heated  and  cooled  until  sUence  ii  obtainedt 


MlCHAELia— CONDUCTIVITY  OP  IMPURE  MEECUIIY,  AND 
METHODS   FOR  CLEANING  IT. 

(BeibUtter,  Vol.  S.  Nt.  i,  188:.,  p.  207.) 

Tlie  increoie  in  conductivity  of  mercury  wii«u  Q\hcc  ia«.\a>\«  w%  nosab. 
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with  it  ii  given,  if  we  adopt  Siemena's  hypotliesis  limt  lUe  condactivity,  I,  of 
the  amalguii  Ii  the  mean  of  the  mixed  Tulumes,  b;  the  formula 

where  E'  is  the  oondttctivity  of  the  added  metsl.  Tlie  percentage  by  weight  of 
theadded metal  in  the  auiatgama  considered  amoUBted,ftt  mast,  toS'Spercent, 
The  valuea  obtained  for  each  amalgam  do  not  striotl;  follow  the  increaie  of 
percentage  of  metal  in  it,  hat  are  irregular.  The  reaulta  in  general  agree  with 
Ihuse  of  Matthiessen  with  the  exception  of  the  biamnth  amalgam. 

The  conductivilies  of  tlie  metals  disBolved  in  mercurj  vary  within  narrow 
limits,  and  are  imoller  than  tboae  of  the  pure  metali.  Binmnth  ia  an  excep- 
tion, Hince  tlie  biamath  amalgam  conducts  belter  than  nit;rcary,  though  thii 
Utter condacts  better  Chau  pare  biaiauth.  Theamalgamaof  potaniom,  todiam, 
and  magnesium  are  dilGcqlt  to  work  with,  owing  to  oxidation.  The  immurion 
of  amalgamated  copper  wires  into  mercury  has  very  little  effect  on  the  oob^ 
ductivity  of  the  latter,  as  the  copper  diMolvei  esoewively  slowly. 

For  purifying  mercury,  ttie  author  reoommends  boiling  the  mercury  ia 
concentrated  lulphuric  acid  to  which  a  few  drop*  of  conce7itrated  citric  acid 
have  been  added,  then  to  place  the  Tnercury  in  vary  dilute  nitric  acid,  and  to 
ahake  it  up  till  it  aeparatea  into  dropa.  For  the  diatillation  of  small  qaantitie* 
of  mercury,  the  Buthoruaeaaglasa  labebent  at  an  obtuee  angle,  one  limb  being 
surrounded  with  a  vesBel  to  admit  of  its  being  heated,  the  other  wrapped  In  a 
wet  cloth,  the  whole  being  in  conLmonicatioii  with  a  pump  for  exbaoatiDg 
the  fkii'. 

tlPPKAKN-ELEOTEO-MOTIVE  FOECE  OF  AMALGAMATED  ZINC. 

(SnMuttn-,  i'-l.  9,  So.  i,  lSU,p.  269.) 

Amalgamated  zinc  in  lolntion  of  itno  eulphmte  ia  electro>poBitive  to  crdl- 
hary  zinc,  and  ia  therefore  dissolved.  According  to  Robb,  pure  electro lytically 
depoaited  Einc  in  a  neutral  solution  of  zinc  inlphatu  (ubtaineil  by  addition  of 
barium  carbonate)  showa  no  electro-motive  force  when  opposed  to  amalga- 
mated zinc  In  fact,  if  a  current  did  exist,  the  amalgamated  Kino,  alnce  it  ii 
electro-positive,  would  dissolve,  the  mercury  would  be  acporaled  from  it,  and 
the  Eine  thrown  down  on  the  other  sine  plati;.  It  would  therefore  be  ponilile 
by  means  of  the  imall  expenditure  of  work  of  carrying  over  the  Einc  to  recon- 
struct the  element  as  often  as  desirable,  wliich  is  contrary  to  Carnot'e  principle. 

The  couple  cadmium — anialgamated  cadminm  Ju  solution  of  cadnunm* 
sulphate  behaves  differently,  and  gives  a  considerable  electro- motive  force. 
In  tiiia  caae  the  amalgamated  cadmium  it  electro-negative,  and  the  acUon  U 
reversed. 

T.  CnLMAHN— EXPERIMENT^U.  DETEEMI NATION  OF  THE 
8ELF.INDU0TI0N  OF  A  COIL, 

(BtibUtUr,  Vol.  0.  Wo.  4,  1885, p.  2Tfli) 
Tke  current  from  a  constant  battery  divides  between  a  galvanometer  and 
s  ihant  circuit,    At  a  Qxed  iosUuil  Xlie  B\iMa\.  i»ima,  Sk  \ii,\i«,'(ta,'^;i«d,iuid  then 
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the  galvanometer  circuit.  If  a  coU,  of  whicli  P  ia  tlie  Mlf-indnction,  in  con. 
nected  up  in  the  galvanocoeter  circuit,  F  can  be  calculated  from  the  throw  of 
thenetdie.  For  this  iha  exact  interral  ot  tiiOL'  between  the  interruption  o! 
the  ehunt  circuit  and  of  the  main  circuit  must  ho  determined.  For  this 
porpose  the  author  uses  s  pendulum,  whicli  aduitl  of  a  direct  deteimiiiatioii, 
or  Fouiilel's  method  might  be  made  me  of. 


BIENOAann— METHOD  OP  DETERSIININO  THE  VALUE  OF  THE 
OHM  IN  ABSOLUTE  MEA8UEE. 

(BridMHfr,  Vol.  9.  No.  4,  ISSE.jj.  280.) 

A  ma^rnet  ie  allowed  to  fiUl,  under  the  action  of  gravi^,  through  the 
centre  oE  a  coil,of  insulated  wire,  in  circuit  with  which  an  •electro-dynamo- 
meter IB  joined  np.  Bj  means  of  an  Rppa^mtUB  aimilar  to  Atwood'a  niachine, 
the  velocity  of  the  magnet  at  any  point  of  its  fail  is  uieaaured,  bath  when  the 
ciFcnit  of  the  coil  is  open  and  when  it  is  cloaed. 

If  M  is  the  Kum  of  the  masaes  of  the  roaguct  and  of  the  oOier  bodiee  put 
in  motion,  t^  and  (,  the  times  in  which  it  puseea  thmugli  a  space  B,  with  the 
circuit  open  and  cloaeil,  ^  the  acceleration,  ati<I  k  a  conatunt  representing  the 
iwBiance  of  the  air,  then  the  work  done  by  the  magnet  in  eiciting  an  induced 
current  in  the  coil  is 

The  indaced  current  has  a  definite  phase,  which  is  made  op  of  two  equal 
(luantitiea  with  opposite  gi(,'ni.  It  is  therefore  measurable  bj  the  deflection  of 
the  electro-dynamometer,  ll  will  be  seen  that  the  meaaurementa  to  be  made 
are  almost  all  mechanical,  and  that  no  valae  of  the  eorUi'a  magnetiiim  enters 
into  the  eiiUtttion. 


J.  B.  BAILLE-DETEBMINATION  OF  THE  OHM  BY  THE  DAMPING 

METHOD. 

(IkalatUr,  V<'l.  9,  No.  5,  1885,  p.  3.15.) 
The  magnet  was  pUced  In  a  stirrup  of  rather  thick  brass  wire  provided 
with  a  mirror,  and  hong  inside  a  circular  coil.  A  long  horizontal  rod  attached 
to  it  served  lor  carrying  weights,  which  could  be  added  to  alter  the  moment 
of  inertia.  For  greater  tiafety  in  determining  the  oonatant  of  the  apparatus,  a 
therm 0- current  waa  passed  through  the  coil,  and  a  very  carefully  constructed 
tangent  galTanometer.  i'rom  the  reaolts  of  a  Hrst  series  of  esperimenta  the 
author  deducei  for  the  ohm  the  value  lOS-Q?  cm.  of  mercury  at  0"  0.,  with  an 
Area  of  1  mm',  A  second  series  led  to  10j'G7,  so  that,  as  in  nil  the  newest 
determinations  by  the  damping  metliod,  the  vcilue  CQmea  ouX.  2'a^\«x\^lK£l^^l.■l^. 
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XaiZH— ATTBAOTION  OF  IBON  C0EE8  BY  SOLEKOIDa. 

iCmtralilaU/Sr  EUkWotKhnik,  FdI.7,  ^o.  7,  ISSG.p.  ISe,  oni  ^o.  8,  188t,ii.  IGS.) 
The  spparatnB  used  punaisled  of  a  tluud  provided  ul.  the  lop  wiUi  a  pnlley, 
over  which  paised  a  cord,  tie  one  end  of  which  was  attached  to  the  iron  core, 
the  other  to  a  spiral  ■pring,  which  could  he  stretched  more  or  lets  bj  means  of 
a  screw  and  flaed  nut.  The  stand  also  carried  the  euil,  which  could  be  clamped 
at  any  desired  position.  'When  a  current  from  60  thenoo  elements,  equal  to 
about  three  large  Bunaen  c«ll>,  was  Mat  through  the  lolenDid,  tha  core  was 
drawn  down  intoit,  itretching  the  upring  and  carrying  round  a  pointer  attached 
to  the  axle  of  the  pulley  at  the  top  of  the  apparatus.  The  spring  u  then  gtill 
further  stretcliud  until  the  pointer  comes  t>ack  to  its  starting  point,  and  then 
Uie  current  being  interrupted,  weights  are  attached  to  the  core  until  the 
pointer  returns  to  lero.  In  this  way  the  direct  puU  of  the  coil  is  measured  in 
gn^mmes. 

The  flrst  eiperinients  were  made  with  cylindrical  cores  of  the  some  lliiclk 
nesi  but  of  various  lengthg,  and  the  point  at  which  the  maximum  uttractjoD 
occurred  was  determined.  The  coil  in  all  cases  was  the  same,  and  18S  tnm. 
long.  With  a  core  SO  mm.  long  tlie  whole  core  was  in  the  solenoid ;  97  mm. 
long,  70  mm.  in  the  solenoid,  and  117  projecting  above;  130  mm.  long  (nearly 
same  length  as  solenoid),  68  mm.  insido;  260  mm.  long,  110  mm.  insiile;  S90 
mm.  long,  130  mm.  inside.  It  appears  that  so  long  as  the  core  is  shorter 
than  halt  the  length  of  the  solenoid,  the  point  of  nmximuffi  atliBCtion  is 
reached  when  the  lower  end  of  the  core  has  not  yet  reached  half  way  inio  the 
solenoid.  If  the  core  is  longer  thau  half  the  length  of  the  solenoid,  tbe  point 
of  maximum  attraction  occurs  when  the  core  bos  entored  fUrUier  than  ball 
way,  and  for  very  iong  cores  the  loiver  end  may  be  nearly  at  the  bottom  o(  the 
solenoid  before  the  maximum  attrivction  is  reached.  A  direct  comjiansoa  of 
the  curves  for  cylindrical  and  conical  cores  showed  that  the  point  of  matimum 
effect  for  the  latter  occurred  when  the  lower  and  of  the  core  was  further 
into  the  solenoid  than  For  the  former.  The  paper  ia  illustrated  with  nnmeroni 
curves  for  various  oombinnlions  of  cylindrical  and  conical  cores,  built  up  to 
form  one— one  corve  shows  two  points  of  maximum  attraction.  The  reason 
'wby  cylindrical  cores  are  not  suitable  to  regulate  differential  lamps  CAn  be 
deduced  from  the  author's  experiment*,  that  the  curves  of  tbe  two  cores  iritl 
not  be  parallel,  and  consequently  the  point  of  equilibrium  varies  from  one 
petition  to  another. 


ITPPEWBOBU— DEPREZ'8  PEOPOETIONAL  GALVANOMETEB. 

{Cimtralblati  Jiir  ElektroUchnik,  Vol.  7,  Na,  7, 1886,1).  13B.) 

Five  permanent  steel  magnets  of  borsc'Shoe  shape  are  placed  liorizontally 

one  above  the  other,  a  pole-piece  being  fitted  on  iusiile  each  leg  of  tbe  compound 

magnet  thus  formed.    The  two  pole-piec««  are  bored  out  to  a  true  cylinder, 

inside  wbich  hangs  an  iron  tube  having  a  coit  of  wire  wotmd  on  it  lengtliwisa 

like  a  Siemens  armature.    The  iron  cylinder,  being  very  close  to  tbe  pole- 

pieces,  tlie  magnetic  field  ia  vbt^  po-netM  a^d  very  uniform.     The  iron 

cyliader  auU  ita  coil  of  wire  tire  s\i^'B'«^ei '\i3  Wq  fM^iVKltiei ■«"«»,  aa^ijMiy^ 
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and  the  oUier  below,  which  Mrve  nt  the  laine  lime  to  maka  connection  to  the 
coil.  A  pointer  and  bcaIb  complutei  the  instrument,  wblch  can  be  relied  upon 
to  give  correct  readings  up  to  120". 


Wf- 


T.  KOKLBAUSCH— CONDUCTIVITY  OP  VEEY  DILUTE  SOLUTIONS. 
I  iCmtralblaUfir  SUllrotKhnik,  Pol.  7,  No.  0.  1886,  p.  179.) 

The  degree  of  ditutiaii  to  wlikli  the  experiment!  were  carried  wai  very 
great,  the  quantity  of  ealt  ooutained  in  tlie  solution  being  less  than  what  ii 
often  found  in  ilistilled  water. 

The  concentration  of  the  iolution  wai  measured  bj  itt  molecolar  coeOlcient 
ni,  that  is,  the  quantity  of  salt  disBolved  in  one  litre  expressed  in  gnunmes  and 
ilirided  by  the  molecular  weight  of  the  cocDpooiid.  The  leait  yaJue  of  m  was 
O-OOOOl,  which,  in  the  case  of  common  salt  (Sa.  01  —  ES'u),  wonld  me&n  that 
O-0005S5  gr.  was  contaiDod  in  one  litre  of  water,  wbieh  is  equivalent  to  ttW 
percent. 

The  flrat  experiments  were  made  with  neutral  salts,  and  it  was  found  that 
from  m  —  0-0001  to  m  —  0-00001  no  great  olhange  took  place  in  the  conductivity, 
so  that  it  appeari  that  for  this  class  of  compounds  a  limiting  value  is  reached. 
With  lalU  giving  acid  or  aUcaline  reactions  the  case  ia  quite  different;  Ai  the 
degree  of  concentration  is  increased  from  m  —  O-OOOOl  to  m  •>  O-OOI  or  m  n 
O-OI,  the  conductivity  increaMs  to  a  maximom  value,  from  which  it  again  falls 
■way. 

The  author  also  deaJa  with  the  question  of  the  movement  of  the  ions  in 
electrolytes,  and  he  proposes  the  hypotheais  that  in  dilute  aolutionB — that  is, 
when  the  movement  of  both  components  of  an  electrolyte  takes  place  in  a 
niedinm  which  differs  in  composition  very  little  from  pure  water — each  com- 
ponent has  a  certain  Sxed  motion  independent  of  the  other.  This  hypothesis 
■hows  to  be  supported  by  the  experiments  which  he  has  made. 


AHOH.— TON  BEETZ'S  OALTANOMETER  FOR  DEMONSTRATION 
TO  LARGE  AUDIENCES. 
[ElelitroUehnitche  Zgiiicftr^E,  Tol,  (I,  No.  G.  la85,p.  260.) 
Id  the  middle  of  a  circular  metal  plate  provided  with  levelling  screws  is 
a  copper  damper  for  the  bull  magnet,  which  is  hung  from  a  fibre.    On  the 
damper  are  mounted  two  small  columns  which  carry  the  auspenaion  tube.    On 
one  aide  of  the  snapended  needle  ia  a  coil  of  thick  wire,  on  the  other  aide  a  coil 
of  thin  wire,  the  connections  to  which  are  carried  through  the  base  plate. 
Ooncentric  with  the  axia  of  the  needle  is  a>  large  upright  metal  ring  on  which 
the  divisiona  are  marked  in  very  large  flgnrei.    To  the  saipension  of  the 
needle  ia  dted  a  etraw  carrying  at  its  end  a  piece  of  white  paper  which  moves 
over  the  upright  acale,    The  whole  is  enclosed  in  a  gUat  case. 


OTHER  ABTIOLEB. 

[Compla  lUndiu,  Vol.  100.) 
No.  17 .^OEFBXZ— Regulation  of  the  Bjieedol  BlecllQ-ma'ui'ci. 
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(I'HeelWeien.  Fol.  9.) 
"So.  ]0e.— E.  HOSPZTALIEB— trnity  of  Electrical  De&nitioni,  BjmbolB,  etc. 
No.  107. — inan.—B loch's  Elsctroitntic  Apparatus.    Anon. — Bablon  and  Onllefs 

Electric  Alarms,    inan. — Formula  for  Calcalatiag  Price  of  Ligbtine  \iy 

Glow  Lampi. 

(Jjumut  da  Pkytiqug,  Fal,  4.) 

Harob.— KASCABT— DampiQE  Uelbod  for  the  Detenu ination  ot  the  Obm 


(!,a  JiumiiVa  Eleetrique,  Vtl,  IC.) 
No.  17.— C.    C.    SOVLAOrS— Docnmenti   connected   with   the   Eiitorr  of 

Electro. motu IS.    J,  LTTVINX — Origin  of  Atmoapberio  Electricity. 
No.  IB. — O.  RICHARD — Details  ot  Dynamo  Conitraction. 
No.  19.— O.  RICHARD— IJtm,     F.  mpPEKBOBW— Kohlraosch'a  Meaiur- 

ing  Initruniiints.     HUBIOM — Heatir;;  ElTti't  of  Electric  Sparks. 
No,  SO.—O.  RICHARD— Telpherage,    HITBZON— VariationB  in  Resistance 

of  Bismuth  in  a  Magnetic  Piet<i. 
No.    31.— O.    RICHARD  — Inlpgrating    Dynamometen    and    Ooanleri. 

DT ZRBATIZ— Electric  Arrumulators.    XROUCHXOLL— PolariiatioD 

of  Capillary  Tubes  traveraed  by  Liquids  nnder  lligli  I'reisures. 


(_Anniilm  dtr  Physik  und  Cftumw,  Vol.  25.) 
No.  1. — L.  L0RBN2— De'erminnti-on  of  neiisiancc  of  Colaron*  ol  Mercury  in 
Electro -magnetic  Units,     H.  JAKN— Thu  CorroctneM  of  Joule"*  Iaw  (op 
Electrolytes,    H,  KAT8EB— 1*110 tograpbs  of  Lightning, 


{BeiblAttcT,  Toi.  9.) 
No.    2 . — TI CI! N Tifll  1 — Conductivity   of  Akoholio    Bolutione  of  Chloride*. 

XOLENKO— ryfo-c'BCtrieiiy  of  Quartz. 
No,  3.— FAIiHIEBI — New  Besearchca  on  Volla  Difference  of  Potantial. 
No.  4.— KAaEHBACa—Speed  of  Electrioiij  in  Telegraph  Tfires.    2!X0— 

KesiBtances  of  most  Important  Wirts  at  TarioUB  Temperatures,    Kftit 

Reflection  of  Lipbl  from  Magnets. 
No.  6.— D.    SOLOTARErr— Piecautioni   in   the  Ute  of   Mance'a  Uethod. 

F.  HOVIKOFF— Oronping  of  BatterieR  to  obtain  rooct  Advantageoni 

Besults.    STROUHAL  and  BABVB— Effect  of  Tempering  on  Uagneiic 

Properties  of  Steel. 

(_CentraMatt  fur  Eleilrettchnik,  Vol.  7.) 
No.  6. — Awn, — Elihu  Thomson's  Lightning  Discharger  tor  Dynamos. 
No.  O.—XESSLER— Direct  Measurement  of  Ampires,  Volu,  and  Oliina  with 

a  Tangeot   OalTanometer.     Anon. — Dynamo   Machine!    for    Um  in  tbm 

Laboratory.    Arum,—Aa  Electric:  Crane, 
No.  7.— FEIV— Safety  Cut-ouM  for  Electric  Ligbt  Leads. 


(ZeilieliriftfSr  EleHroleehnit,  Vol  i.) 
Jfot.  a  and  10,— FEB&ABIB— llaiHar^  9.n&  a\W«  Qanenton.    LBWAV- 

2f0  WSST— laductiua  Coils  lox  Uedii^e^  Tlt«. 
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The  One  Huudred  and  Forty-eiglith  Ordinary  Geneml  Jleetiiig  of 
the  Society  was  held  at  the  Itistitution  of  Civil  Engineers, 

I  as.  Great  George  Street,  Westminster,  on  Thursday  evening, 
November  12th,  1885— C.  E.  SpagkolettIj  Esq.,  M.  Inst.  C.E., 
President,  in  the  Chair. 
The  Presideht:  Before  we  commence  proceedings  this  evening, 
perhaps  you  will  allow  me  to  express  the  pleasure  that  the  Council 
feel  in  welcoming  the  raembera  at  tliis,  the  first  meeting  after  the 
recess.  We  hope  that  the  forthcoming  session  may  he  one  of 
interest  and  information  to  us  all,  and  that  good  papers  may  be 
presented  wliieL  will  produce  full  and  instructive  discussions.  I 
am  glad  to  see  such  a  good  attendance  this  evening,  and  I  hope 
we  may  be  able  to  keep  up  such  numbers.  I  trust  members  will 
make  an  effort  to  attend  these  meetings,  as  there  is  nothing  that 
tends  more  to  the  prosperity  of  the  Society  than  large  attendances  j 
and  there  is  nothing  more  calculated  to  give  satisfaction  to  those 
gentlemen  who  bring  papers  before  ua,  for  oiir  benefit  and  improve- 
ment, than  a  well-attended  meeting  and  an  appreciative  audience. 

The  minutes  of  the  Estraordiuary  Meeting  held  on  June  11th, 
1885,  were  read  and  confirmed. 

The  names  of  new  candidates  were  announced  and  suspended. 

Tlie    following   transfer    was    announced   from   the   class   of 
.udents  to  that  of  Associates: — 

Frank  Mercer. 
VOL.  XIV.  30 


461  THE  TELEGRAPHS  OF  THE  [Sov.  ISth, 

Donations  to  the  Library  were  anDounced  as  having  been 
received  during  the  recess  froni — The  Astronomer  Koyal ;  J. 
Aylmer,  Member ;  Shelford  Bidwell,  Member;  Col.  Sir  Francis 
Bolton,  Vice-President  and  Hon.  Sec. ;  Latimer  Clark,  Past- 
President;  W.  Clauson-Thue ;  The  Earl  of  Crawford  and 
Balcarres,  Member;  E.  Delaiirier ;  Eden,  Fisher,  A  Co. ;  Franklin 
Institute;  Institution  of  Civil  Engineers;  Kew  Observatory; 
Ch.  Madsen,  Foreign  Member;  Julius  Maier,  Associate;  Ch, 
Mourlon,  Foreign  Member;  H.M.  Patent  Office;  W.  H.  Preece, 
F.R.S.,  Past-President;  G.  A.  Powell;  Rev.  F.  J.  Smith,  B.A., 
Associate ;  Dr.  D.  Tommasi ;  R,  von  Fischer  Tieuenfeld, 
Member ;  Univeraity  College ;  Major  H.  S.  S.  Watkin,  Associate ; 
Professor  Dr.  K.  E.  Zetzsche,  Foreign  Member. 

The  Presihent  :  It  is  with  great  pleasure  that  I  ask  you  to 
accord  your  thanks  for  these  donations.  Onr  library  is  one  of  the 
finest  for  electrical  works  in  the  world,  and  at  almost  every  meeting 
we  have  a  long  list  of  accessions  brought  before  as,  thus  adding 
to  its  value  and  importance. 

The  next  subject  this  evening  is  the  paper  by  General  Webber, 
and  I  am  sure  you  wilt  be  quite  with  ine  when  I  say  that 
it  is  a  matter  of  great  pleasure  and  delight  to  us  all  to  be 
able  to  welcome  him  again  amongst  us,  and  also  to  see  him 
in  the  good  health  which  he  appears  to  enjoy,  after  the  perils 
and  dangers  he  has  gone  through  in  the  recent  long  campaign  in 
a  most  trying  and  unhealthy  climate.  It  is  a  matter  of  congratu- 
lation to  us  to  know  that  his  services  have  been  appreciated,  and 
that  they  have  been  rewarded  by  the  promotion  which  his  well- 
known  ability  and  energy  bo  justly  merit. 

THE  TELEGRAPHS  0?"  THE  NILE  EXPEDITION. 

By  Major-General  WebbEH,  C.B.,  (Rot.)  E.E.,  Past-President. 

In  1882  I  had  the  honour  of  giving  this  Society  a  descri]»- 

tion  of  the  telegraphs  which   were   used   with   the   army  that 

entered  Egypt  in  that  year.     Those  were  the  telegraphs  of  Lower 

Egypt ;  and  the  experience  then  gained  was  no  doubt  of  use  last 

year,  when  we  had  to  deal  wiOi  tW  teXe^^ka  of  Upper  Egypt, 
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which  may  be  called  a  separate  system  from  those  of  the  northern 
part  of  the  country,  although  they  all  converge  to  the  same 
central  station  at  Cairo. 

They  are  described  on  the  diagram  before  you.  [See  planJ] 
Vou  Vfill  see  that  four  circuits  are  shown  leaving  the  central  office 
in  Cairo.  One  is  a  through  wire,  which  baa  always  been  used  for 
the  Soudan  work ;  the  second  is  a  Morse  wire,  with  three  inter- 
mediate stations  upon  itjtemiinating  at  Assiont,  but  continued  by 
a  single-needle  circuit  to  Assouan,  with  a  large  number  of  inter- 
mediate single  needles  upon  it;  the  third  is  an  omnibus  wire  for 
railnTiy  traffic,  with  about  26  single  needles  upon  it ;  the  fourth 
is  a  local  circuit  to  Fayoum,  wilL  five  single  needles  upon  it. 

On  our  arrival  at  Cairo,  in  September,  1884,  we  found  there 
were  constant  complaints  from  the  army  stationed  up  the  Nile, 
and  from  the  (Jeneral  at  Wady  Haifa,  of  the  inefficiency  of  the 
telegraph  sen' ice. 

The  European  superintendent  sent  forward  by  the  General 
Commanding  the  Army  of  Occupation  reached  Assouan  on  the  6th 
September,  from  whence  he  forwarded  daily  reports  of  failures : 
for  instance,  I  have  notes  of  reports  received  from  him  on 
September  7th,  9th,  10th,  12th,  13th,  l6th.  Ou  the  7th 
September  he  telegraphed  to  say,  "  Line  broten  down  between 
here  and  Wady  Haifa ; "  again,  on  the  same  day,  "  Assiout 
using  peg  cut  us  off  from  Cairo  to-dav  from  3.45  to  4.45."  Ou 
the  10th,  when  communication  was  restored  at  2.15  p.m.,  he  sent 
a  message  Baying,  "  Communication  has  been  totally  interrupted 
between  here  and  Cairo."  On  the  13th  he  reported,  "  As  usual, 
Wady  Haifa  kept  back  his  work  again  all  last  night,  sending  ua 
his  telegrams  timed  6  p.m.  yesterday  at  7.30  a.m.  this  morning." 
On  the  16th  he  wired,  "  Good  telegraphists  urgently  required  at 
Wady  Hnlfa.     Please  send  first-nite  operators." 

A  report  of  delays  between  Assouan  and  Keneh,  which 
reached  me  on  the  21st  of  September,  gave  the  average  delay 
on  19  Arabic  forwarded  messages  as  17  hours,  on  S  ditto  received 
20  hours,  and  so  on. 

Telegraphists  will  naturally  gyropathise  with  ua  on  account  of 
the  precarious  state  of  such  a  line  of  coitim\m\cQjA>.m  ■wSSiXi.  «a 
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army,  the  busincBs  of  wliich  was  rapidly  increasing.  The  causes 
of  these  iDtemiptioDs  may  be  ascribed  in  a.  few  words  to 
occasional  inundations  of  tbe  Nile  either  when  rising  or  falling, 
by  which  the  embankment  upon  which  the  telegraph  line  stands 
is  sometimes  washed  away,  but  is  chiefly  due  to  the  decayed 
state  of  poles  after  years  of  arrears  of  maintenance.  There  they 
do  not  suffer  from  rain  as  we  do  in  this  country;  indeed,  Hero- 
dotus saya  that  in  Nubia  a  shower  of  rain  was  supposed  to  be 
the  forerunner  of  the  end  of  the  world. 

Absence  of  office  organisation  prevented  the  localisation  of 
faults.  The  through  wire  was  led  into  the  Kenelt  office  only ;  but 
faults  could  never  be  localised,  although  there  were  fifteen  or 
sixteen  single-needle  offices  on  the  second  n-ire,  which  ran  on  the 
t-ame  poles. 

The  maintenance  of  the  batteries  at  these  offices  was 
deplorable :  the  signala  could  never  be  read  without  dividing  the 
circuit.  In  May,  1885,  a  return  was  received  by  me  from  the 
Inspector-General's  own  office,  showing  that  none  of  those  batteries 
had  been  renewed  since  tbe  previous  January,  1884 — nearly 
seventeen  months.  The  constant  use  of  "earth"  at  all  stations  at 
the  will  of  the  clerks  is  a  serious  evil  in  such  a  country.  That 
admirable  form  of  instrument  which  is  used  by  our  Indian  t^le- 
gi-aphs,  made  by  Messrs.  Siemens,  is  also  used  by  the  Egyptian 
Administration.  On  it  there  is  a  peg  switch  by  which  the 
operator  can  put  on  "  earth  "  on  either  side  at  will,  or  put  himself 
through.  I  have  myself  seen  a  circuit  "earthed"  at  an  inter- 
mediate station  iu  tbe  middle  of  a  message — an  oEFenee  ])uuish- 
able  with  dismissal  in  any  other  country. 

Tbe  absence  of  "code  working"  results  in  a  conditiou  of  things 
which  to  telegraphists  would  create  an  impossibility  of  success. 
An  examination  into  tbe  control  and  working  of  tlie  system 
makes  one  marvel  how  any  results  at  all  are  obtained.  If 
telegraphy  was  old  enough,  one  would  say  it  was  of  the  last 
century,  and  that  the  Egyptian  Administration  had  learnt  ite 
task  in  the  infancy  of  the  art,  and  had  since  lived  amongst 
tie  absurdities  and  incongruities  of  telegraphic  dreamland. 
There  is  no  public   opm\on>  "A  m.&^  \>e,  -ivii,  vu  Egypt   which 
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ooiild  be  brought  to  bear  to  prodnce  a  better  state  of  things; 

,  moreover,  being  a  despotic  country,  and  the  telegraphs 
having  been  first  established  (here  for  the  purposes  of  government, 
the  whole  of  the  circuits  are  led  into  the  palace,  where  the 
Khedive  has  an  office  of  hia  own,  under  hia  own  operators, 
through  whom  he  can  control  every  message,  both  private  and 
public,  that  pa.'^s^es  over  the  lines.  By  the  kindness  and  good 
sense  of  the  present  Khedive,  however,  the  military  wire  wae 
terminated  at  our  office,  and  therefore  our  messages  were 
beyond  his  control. 

The  Egyptian  Adniiniatration,  with  the  best  intentions,  was 
absolutely  unequal  to  the  coming  gtrain.  Tlje  Inspector-General, 
Mr.  floyer,  waa  absent  from  Egypt  in  the  Soudan,  with  the 
apparent  intention  of  remaining.  When  we  brought  the  line 
into  full  work  it  waa  found  necessary  to  keep  thirty  first- 
class  clerks  on  the  main  circuit  alone.  Only  two  clerks 
ual  to  such  work  were  to  be  found  in  all  the  Egyptian 
staff,  i.e.,  sotind-readers  of  English  (particularly  in  cypher 
messages),  accustomed  to  traffic  discipline  on  a  busy  circuit 
with  many  stations.  Temporary  help  had  been  lent  by 
the  army  to  the  Telegraph  Administration  pending  oar 
arrival,  and  some  soldiers  of  the  lino  batUdions,  who  were 
fair  telegraphists,  but  not  of  the  quality  necessary,  had  been 
sent  up  country.  It  therefore  became  a  most  pressing  need 
that  the  first  section  of  the  telegraph  battalion  which  was 
arriving  from  England  should  be  sent,  for^vard  as  fast  as  possible. 
It  arrived  in  four  detachments.  Its  strength  was  aiit  officers 
and  118  non-commissioned  officers  and  sappers,  many  of  them 
telcgrnphists,  either  indoor  or  outdoor. 

First  detachment  arrived  in  Egypt  the  15th  September,  1884. 
Captain  Bennet,  Lieutenants  Tower,  and   Stuart,  R.E,, 

Land  sixty-eight  non-commissioned  officers,  sappers,  and 
drivers,   with   a   field  telegraph  equipment  of  20  miles 
of  line  and  offices. 
Second  detachment  arrived  a  week  after.     Captain  Bagnold, 
E.E.,  with  the  balance  of  the  equipment  of  100  miles 
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Third  detachmeTit  arrived  the  29th  September,  1885.     Lieu- 
tenant   Hill,  E.E.,  and  thirty-seven    non-commissioned 
officers  and  sappers,   with   160  miles  of    wire    and   in- 
sulators, without  poles. 
Fourth    detachment    arrived    on    the   8th    October,    1885. 
Captain    C.    K.    Wood,    K.E.,   and    thirteen    non-com- 
misKioned   officers  anri    sappers    (twelve    of   whom    were 
Post   Office   Volunteers),   and    17(>   miles   of  wire    and 
insulators,   without   poles,  with    a    double-current    key 
speed  duplex  complete  apparatus,  two  terminal  stations 
with  translation  intermediate,  contained  in  218    cases, 
presented  by  the  Post  Office  to  the  War  Office. 
Tlie  probabilities  of  the  campaign  were  most  likely  as  much 
known  to  the  Director  of  Telegraphs  as  to  anybody  else  at  that 
moment.    All  he  could  look  to  was  that  the  long  line  of  conuna- 
Bication  should  be  efficiently  worked  ;  but  he  had  also  to  consider 
that  it  was  possible,  if  not  probable,  that  an  array  in  the  field 
moving  aWay  from  the  Nile  would  require  telegraphic  communi- 
cation.    His  duty  therefore  was,  to  push  on  all  the  resources  of 
men  and  material  at  his  disposal  as  fast  as  the  means  of  transport 
would  pennit. 

At  Cairo,  thanks  to  Mr.  Le  Mesurior,  the  Chairman  of  the 
Board  of  the  Railway  and  Telegraph  Administration,  an  excellent 
office  was  provided  as  the  terminus  for  the  army  wire.  There  the 
Postal  Telegraph  elerks,  under  Serjeant  Parish,  worked  night  and 
day  until  quite  lately. 

At  Assiout  a  diabeah  by  the  bank  of  the  Nile  was  provided 
for  the  office,  as,  owing  to  the  ext  raorfliuary  number  of  mosquitoes 
in  a  new  building  used  at  Erst,  the  telegraph  clerks  were  more 
disabled  during  the  first  two  or  three  days  they  were  at  work 
than  many  wounded  men.  At  Keneb  two  clerks  were  left,  for 
the  puqxise  of  localising  faults. 

At  Assouan  an  office  was  established  in  the  town  on  the  east 
bank  of  the  river,  the  line  being  on  the  west, 

Tlie  Egyptian  Administration  had  constructed  an  overhead 
loop  from  one  bank  to  the  other  about  two  miles  above  the  town, 
Belecting  two  unusually  high  bluffs  close  to  the  river  which  have 
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an  average  height  of  250  feet ;  on  these  they  placed  mastB  of 
about  80  feet  in  height,  thus  affording  an  average  height  from 
the  tops  of  the  masts  to  the  river  of  about  330  feet.  Between 
these  masts  they  endeavoured  to  draw  up  three  wires  bo  aa  not  to 
touch  an  intermediate  island.  With  a  span  of  almost  exactly 
a  mile  (it  was  within  seven  yards  of  a  mile),  and  a  sag  of  330 
feet,  we  can  well  iinderst.and  that  the  wire  very  soon  broke,  and, 
in  fact,  was  never  strained  up  so  as  not  to  touch  the  island. 
Poles  had  to  be  placed  on  the  island  to  support  the  wires, 
hut  it  became  so  precarious  a  menns  of  communication  that  we 
were  glad  when  some  armoured  cable  arrived  which  had  been 
sent  out  from  England.  Capt.  Bttgnold  laid  this  cable  across  the 
river,  and  built  a  new  loop  into  the  town,  and  it  has,  I  believe, 
worked  without  a  fault  to  the  present  day. 

A  line  from  Assouan  to  Shellal  was  opened  on  the  railway  by 
Major  Spaight,  R.E.,  and  soon  after,  it  became  an  urgent 
necessity  to  repair  the  main  line  from  Assouan  to  Haifa,  which  is  a 
wooden  polo  Une,  then  in  an  extremely  decrepit  state.  Many  of 
the  poles  when  examined  were  found  to  be  so  much  honeycombed 
by  (he  white  ant  that  a  blow  from  a  stick  would  shatter  them  to 
pieces,  I  have  counted  on  that  ptut  of  the  line  upwards  of  six 
and  sieven  joints  in  one  span.  Many  insulators  had  to  be  replaced, 
and  a  great  deal  of  other  work  had  to  be  done.  Lieutenant  Hill 
was  the  officer  in  charge,  having  a  diabeah  for  his  men,  while  camels 
working  on  shore  assisted  in  the  work.  The  labour  employed  was 
taken  compiilsorily  at  each  village,  which  is  the  usual  practice 
followed  in  that  country  for  repairs  to  the  telegraph. 

At  the  intermediate  office  at  Koroako,  a  very  important  place 
on  the  line  of  communication,  we  found  evidences  of  an  attempt 
having  been  made  at  one  time  to  span  the  river  with  a  loop  from 
the  west  to  the  east  bank — an  attempt  which  the  absence  of  any 
height  at  the  edge  ought  to  have  precluded. 
L  On  the  arrival  of  the  first  detachment  at  Wady  Haifa  a  tem- 
'porary  cable  had  to  be  laid  across  the  river.  This  had  to  be  done 
with  lengths  of  the  field  telegraph  ground  cable,  which,  being  in  a 
position  it  was  never  intended  for,  where,  by  the  friction  of  the 
current,  it  w88  rapidly  injured,  soon  gave  waj,  and  liad  te  bei 
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frequeutlj  replaced,  pending  tlie  arrival  of  the  armoured  cable. 
The  last  length  of  the  ground  cable  was  almost  goue  when  the 

armoured  cable  arrived  and  was  laid. 

All  the  telegraphs  south  of  Wadj  Haifa  are  called  the 
Soudan  telegraphs.  They  were  commenced  in  the  year  1863, 
in  the  time  of  Ismail  Pachs,  by  Mr.  H.  I,  Gisbome,  late 
Chief  Engineer  of  Egyptian  Telegraphs.  The  extension  sontb- 
ward  from  Keueh,  up  to  which  place  the  line  had  then  been 
carried,  was  begun  in  1865  by  Salameh  Bey,  an  old  member  of 
our  Society,  and  was  completed  ou  wooden  jjoles  lo  Berber,  via 
Abu  llamed,  in  1868.*  Jleantime,  in  1865,  1866,  and  1867, 
the  b'ne  to  the  interior  from  Suakim,  via  Kassala,  to  Berber  was 
being  constructed  with  wooden  poles — brought  from  Tachwz,  tn 
European  Turkey — by  Messrs.  Jacobson  and  Ford,  and  was  com- 
pleted during  the  Governorship  of  Giaffev  Pacha  to  the  latter  place 
in  1868.  f 

So  quickly  were  the  wooden  jwlea  injured  by  the  white  aat 
that  they  had  to  he  partially  replaced  by  6,000  Siemens's  iron  ^xtles, 
sent  up  the  Nile  in  1867 — a  work  which  was  completed  via  the 
direct  desert  route,  Dugyet  to  Berber,  in  186!).  Thus  Berber 
became  a  central  elation  of  the  Soudan  telegraph  system,  where 
all  messages  were  transmitted,  except  when  Khartoum  was  jmt 
through  to  Cairo. 

During  the  rebelhon  which  took  place  in  1883  the  Sonaldm- 
Kassala-Berber  line  was  destroyed  by  the  Iladendowas.  These 
men  did  not  understand  how  tbe  telegraph  worked,  but  they  knew 
that  it  could  carry  orders  and  uews  for  the  benefit  of  those  whom 
tliey  looked  u[x)n  as  oppressors,  and  their  lirst  feeling  was  to 
revenge  themselves  on  the  unfortunate  Soudanese  Unemen  who 
Uved  along  the  line.  I  have  been  told  that  these  men  had  been 
soldiers  in  a  regiment  which  had  been  decimated  and  disbanded 
by  Ismail  Pacha  some  years  before,  but  that  they  turned  out  most 

•  Nubar  Pacha  waa  then  Mini»ter  uf  Poblic  Works  and  Director-Oeneial 
of  Kail  ways  and  Telegraphs. 

t  Furt.ber  cojisignniBiita  of  iron  poles  fnim  MesErB.  Siemens — 10,000  in  1873, 
and  S.-'iOO  in  1875— witb  iron-Louded  liiauiMorH .ind  No.  8  wire,  were  senloot, 
and  used  in  llie  eitenaloni  of  the  Soudan  Fvatem  farther  loath  under  Gigler 
Pacha. 


188S,J  NILE  EXPEDITION.  4ES 

excellent  telegraph  linemen.  Some  of  these  poor  fellows  were  tied 
to  the  poles  hy  wire  and  burned  alive ;  while  in  the  case  of  others 
the  Hadendowas  had  a  very  remarkable  way  of  testing  the  tele- 
graph :  tiiey  thought  that  by  cutting  a  wire  and  forcing  the  ends 
into  the  sides  of  a  lineman's  head,  be  would  speak  hke  a  telegraph 
instrument,  and  would  tell  them  what  it  was  saying  ! 

The  staff  of  the  Soudan  telegraphs  south  of  Wndy  Haifa  was 
handed  over  in  tola  to  the  control  of  the  army.  It  consisted  of, 
clerks,  line-guards,  linemen,  camel  men,  and  gaffeirs,  or  villagers 
who  acted  as  watehmen. 

In  October  Lieutenant  Stuart  had  been  pushed  forward  beyond 
Wady  Haifa  hy  Dal  to  Dongola.  He  established  en  route  the 
office  at  Dal,  and  arrived  at  Dongola  the  same  day  as  Lord 
Wolseley'a  headquarters.  South  of  Dongola  the  line  had  been 
more  or  less  injured,  and  in  places  had  been  so  completely 
destroyed  that  the  wire  was  cut  up  and  thrown  into  the  river, 
the  iron  bases  of  the  poles  and  the  insulators  were  smashed,  and 
the  wrought-jron  tops  were  hid  or  carried  away.  Temporaiy 
repairs  were  made  to  that  line  by  a  very  intelUgent  line-guard  of 
the  name  of  Mohammed  Bnuduk,  under  instructions  from  the 
Mudir. 

AVhen  Lieutenant-Colonel  Colville,  of  the  Inlelligence  Depart- 
ment, with  his  telegraph  clerk — Sergeant  O'Donel,  of  the  Berkshire 
Begiment — reached  Merawi,  they  were  able  to  open  an  office  at 
that  place  on  the  251h  October,  the  wire  being  supported  and 
held  above  the  ground  by  branches  of  trees,  to  which  the  wire 
was  tied  hy  rags  or  cords. 

At  that  time  (i.e.,  November),  headquarters  being  at  Dongola, 

the  main  circuit  was  worked — 

Oftiro 
Awioat 

Auouan 
Eorosko 
Wad  J  Haifa 
Dal 
£oiigoIa 

with  translation  at  Assiout,  Assouan,  and  Wady  Haifa. 

On  the  east  bank  of  the  Nile,  starting  from  Wady  Haifa,  tb.eT6 
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is  a  milmiy  called  tlie  Soudan  Railway,  upon  which  a  line  o{ 
telegraph  had  been  constructed  by  Mr,  Paoletti,  of  the  Sondan 
TelegrnpIiH,  having  stations  at  Gemai  and  Sarras.  It  was  first 
intended  for  railway  working  traffic  only,  but  military  messages 
Boon  became  so  frequent  on  it  that,  it  was  more  used  for  that 
class  of  work.  Extensions  were  made  with  field  telegraph 
material  from  Sarras  to  other  places  on  the  same  side  of  the  river, 
namely,  to  Semneh,  Mohrat,  and  Amhigole,  and  afterwards  to  a 
place  called  Akasha.  By  means  of  this  allemative  line  serious 
delay,  which  might  have  been  caused  by  one  or  two  faults  which 
occurred  between  Dal  and  Haifa,  was  prevented,  messages  being 
taken  by  messenger  across  the  cataract  at  Sal  and  by  road  to 
Akasha  in  two  or  three  hours. 

The  main  line  on  the  iron  poles,  as  I  have  described,  passes 
up  the  west  bank  of  the  river.  Entirely  carried  ou  Siemens's  iron 
poles,  the  wire  was  rarely  faulty.  I  have  great  pleasure  in 
testifying  to  their  presence  as  having  conduced  more  than  any 
efforts  of  ours  to  the  security  of  telegraphic  communication 
through  the  Soudan  portion  of  our  line,*  This  line,  of  which 
Mr.  Gisbome  could  give  you  a  very  graphic  account,  is  J!30 
miles  in  length  from  Angash,  opposite  Haifa,  to  Dougola,  tbe 
first  90  being  through  one  of  the  most  barren  deserts  and 
desolate  countries  that  can  be  imagined.  In  no  country  that 
I  have  ever  seen  does  such  desolation  exist.  Black  rocky 
mountains  of  igneous  formation,  with  bright  yellow  sand.  The 
rocks  are  so  sharjiened  by  the  driving  sand  that  if  you  sit 
down  upon  them  the  effect  is  very  like  that  of  sitting  upon  one 
of  our  garden  w^a  covered  with  broken  glass.  In  eome  places 
a  sand-drift  rises  around  the  telegraph  poles  and  conceals  them. 
Then  it  is  the  habit  of  the  native  lineman  to  remove  the  insulator 


•  The  mililary  tulegraph  po!e  ot  tlie  fulure,  for  all  but  Ihe  Hghtetl 
equipment,  will,  I  believe,  bo  a  SiemeoB  patent  irou  tubular  pole  wkli  sLt 
jtiiul  and  the  Le  Grand  BatcliHe  base  pile  of  wrought  iron— length,  15  feel 
6  incliua,  and  tulul  wcigbt  uf  iH  Ills. — n'liich,  when  tested  iu  a  nearly  boriiootal 
position  by  fixing  ot  ona  enu  and  iveighing  at  the  other  with  a  leverage  c( 
13  feutG  ini^hes,  oarriea  a  luad  of  110  lbs.  It  willbebetterwitlioat  a  liglitDing 
rod,  and  shouid  be  tapped  to  receive  the  bolt  of  a  F.S.  iniululor.  It  ihould 
2iave  aJiglit  bracket  to  can;  atiollier,  wtien  a  second  wire  has  to  lie  ran. 
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and  stick  a  new  pole-top  on  the  standing  one,  replacing  tlie 
insulator,  and  so  raisiiig  the  wire.  Two  or  tliree  years  afterwards 
the  same  process  has  to  be  repeated;  and  I  was  shown  one  place 
■here  four  poles  were  said  to  stand  one  on  the  top  of  the  other, 

Dal  office  was  a  lonely  place  for  two  clerks  to  remain  in  for 
six  months  in  a  mere  Indian  mountain  tent,  entirely  alone,  with 
a  wide  cataraH  between  them  and  all  assistance.  There  they 
;einained,  and  I  do  not  think  they  ever  saw  an  Arab  the  whole 

e,  except  the  usual  passing  caravans,  and  were  certainly  never 
molested.  That  office  was  moved  twice,  and  eventually  was 
placed  on  an  island  in  the  centre  of  the  cataract. 

As  one  marched  along,  inspect iug  the  line  and  visiting  the 
native  staEF,  very  curious  things  were  encountered.  One  day 
I  saw  a  telegraph  ladder  lying  in  a  little  native  cemetery,  which 
had  no  enclosure,  and  was  merely  marked  by  a  few  iipright  stones 
and  a  number  of  pebbles  bordering  the  graves  to  mark  where 
they  were.  I  asked  the  lineman  wby  it  was  there,  and  he  said  it 
Wiis  where  the  ladder  was  always  kept,  I  then  found  a  coil  of 
wire,  and  a  further  search  revealed  the  presence  of  a  draw-vice. 
The  man  then  said  that  the  cemetery  was  the  only  safe  place  in 
which  to  keep  telegraph  stores,  whence,  on  account  of  the  Spirits, 
nothiog  was  stolen.  It  crossed  my  mind  as  to  what  my  old 
friend  Mr.  Winter,  the  Controller  of  Postal  Telegraph  Stores, 
would  say  if  it  became  necessary  to  move  Ids  stores  from 
Gloucester  Road  to  Kensal  Green..  I  asked  the  lineman  if  an 
English  gold  sovereign  would  be  equally  respected,  but  he  seemed 
to  think  it  had  never  been  tried. 

An  office  which  became  of  very  great  use  was  established  at 
Abu  Kntm  eh  by  Lieutenant  Tower,  who  was  also  employed  on  insu. 
lation  and  rejiairs  to  the  line  south  of  Dongola.  The  office  in 
the  town  of  that  name  was  certainly  the  most  palatial  of  its  kind 
in  that  country.  Tlie  walls  were  of  mud,  10  feet  high  j  the  floor 
was  mud ;  and  the  table  was  actually  of  wrought  wood,  and  the 
■aiting  room  had  a  divan  with  cusliions  on  it. 

At  Debbeh  an  office  had  been  established  by  Major  Kitchener. 
That  place  was  well  known  for  its  defence,  in  the  summer  of  1884, 
against  an  attack  of  between  3,000  and  4,000  of  the  emissaries  of 
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the  Madlii.  Buniluk,  tlie  line-guard,  assured  me  that  he  was 
alone  in  the  office,  which  he  dpfended  through  the  window  with 
his  Burden  rifle,  that  he  fired  off  263  rounds,  unci  killed  67  men, 
whose  bodies,  lying  hclow  the  window,  he  nfterwaj'ds  counted. 

At  Korti  the  office  was  first  constructed  with  straw  walls,  a 
material  favoured  in  that  country  for  cool  residence,  but  jilso  very 
favourable  for  the  admission  of  dust  and  wind  ;  and  any  one  who 
spent  a  day  or  a  night  (and  oiir  telegraph  clerks  .spent  many  days 
and  many  nights)  in  that  office  would  have  felt  it  extremely 
uncomfortable.  The  wind  was  always  blowiug,  the  dust  was 
always  driving  through  the  walls,  the  caudles  at  night  were 
always  flickering,  paper  blowing  about,  and  everything  that  was 
antagonistic  to  good  telegraphy  was  in  force. 

The  office  at  Slerawi,  whicli  I  have  already  referred  to,  was  in 
a  native  building — the  old  telegraph  office— on  the  left  bank  of  the 
river,  opposite  the  town. 

In  January  an  extension  was  made  to  Hamdab  on  poles  as 
crooked  as  those  which  I  have  already  mentioned,  cut  from  the 
mimosa  and  other  trees  in  thft  neighbourhoo<.l.  It  was  put  up  by 
Lieutenant  Stuart,  but  was  not  worked  after  General  Earle's  column 
had  started  up  the  third  cfltaroct.  Tliis  estension  was  about 
19  miles  in  length,  and  followed  the  route  of  the  iron  pole  line 
which  the  rebels  had  destroyed  as  far  as  Dugyet,  where  the 
latter  branched  across  the  desert  by  Beni  Saui  to  Berber. 
[See  'map.'] 

In  the  meantime  our  men  were  by  degrees  moving  up  the 
Nile  to  be  ready  for  eventnaUtiea.  Captain  Bagnold  started  from 
Sarraa  with  a  detachment  in  whalers,  exactly  under  the  some 
conditions  that  were  obligatory  on  all  infantry  detachments. 
Each  boat  started  heavily  laden  with  its  equipment  and  stora, 
and  had  to  arrive  at  Korti  with  its  full  complement  of  rations 
untouched.  This  obviously  left  no  room  for  telegraph  material, 
some  of  which  was  however  brought  up  in  native  boats,  which 
often  proved  unequal  to  the  task  as  the  water  in  the  river 
became  lower. 

I  have  said  that  Mr.  Gisborne  would  be  able  to  give  yon  a 
graphic  description  of  that  country,  but  I  had  the  advantage  of 
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him  in  one  thing  which  I  occasionally  saw  when  I  came  down 
from  the  desert  to  halt  on  the  banks  of  the  river.  It  was  a 
delightful  sight  to  see  the  little  fleets  of  wbite-saiied  boats 
either  running  before  the  wind,  or  with  their  trews  pulling 
hard  at  their  oars,  or  being  towed  along  the  bank ;  to  hear  the 
bugles  ring  out  in  the  early  morning  from  every  resting-place, 
perhaps  for  miles  down  the  river,  when  the  men  were  being 
roused  to  start  again  on  their  lung  journey ;  and  it  was  a 
wonderful  thing  to  reahae  that  so  much  boatmansliip  and  so 
much  energy  was  being  displayed  by  the  ten  men  in  each, 
perhaps  not  one  of  whom  had  ever  before  handled  an  oar,  steered 

boat,  or  pulled  a  tow-rope. 
The  transport  difficulties  south  of  Wady  Haifa  prevented  the 
mass  of  our  equipment  being  brought  forward.  No  provision  had 
been  made  for  telegraph  transport.  Camels  were  scarce;  intelligent 
care  of  them  was  wanting;  they  were  dying  much  faster  than 
any  one  expected  ;  and  so  the  for^vardiug  of  poles  and  wire  was 
really  a  difficulty  which  nothing  but  the  power  to  arrange  in 
advance  could  have  overcome.  I  will  give  you  an  example  of 
length  of  time  in  transit.      The  seventy  cases,   No.  2  station, 

fhieh  eventually  arrived  at  Korti,  and  which  were  forwarded  by 
every  possible  express  means,  took  from  the  13tb  October 
till  the  24th  December  to  reach  Korti.  Only  hy  using  every 
opportunity,  and   sacrificing    the    small    personal   baggage   and 

ess  Btorea  which  senior  officers  were  allowed  to  take,  did  I 
succeed  in  bringing  up  on  a  few  discarded  camels  the  heliograph 
equipment  and  the  bare  necessaries  to  work  and  maintain  the 
telegraph  offices  and  to  insulate  the  line.  The  instruments 
sent  to  us  by  the  Post  OflSce  were  intended,  as  I  have  said, 
for  double-current  duples  working,  but  we  had  to  arrange  to 
work  them  single-current  simples.  The  reasons  were,  that  on 
account  of  the  very  faulty  state  of  the  line,  ordinary  translation 
had  to  be  early  resorted  to  at  Assiout  and  Assouan.  By  the 
last  day  of  the  year,  when  the  circuit  was  put  through  to 
Korli,  the  work  was  too  heavy  to  make  any  change,     I   made 

iveral  appointments  with  Captain  Wood,  who  was  at  Assouan 
at  the  time  (while  I  was  at  Korti),  to  come  iuto  twts^  ■'S'Sa. 
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the  new  instrumen(3  and  make  a  trial,  bat  on  each  occasion 
we  were  prevented  by  press  of  work  or  by  serious  faults  on 
the  line.  The  heavy  locjil  work  on  a  circuit  with  eight  inter- 
mediatf"  stations  also  made  it  difficult  to  use  any  system  which 
required  the  line  rcsened  for  terminal  working.  We  wished  to 
have  worked  between  termiuals  at  night  for  a  few  hours  to 
get  our  heavy  work  through,  but  the  fact  that  the  h'ne 
between  Assiout  and  Cairo  was  never  in  a  stale  of  insnJatton  to 
allow  it  prevented  us.  But,  if  it  was  not  worked  in  its  integrity, 
it  gave  U3  most  valuable  assistance  with  the  standard  relays,  pony 
sounders,  and  sis-block  .^ggloInerate  cells.  Without  this  special 
ecjuipment,  so  readily  and  promptly  contributed  by  the  Post 
Office,  we  could  not  have  achieved  the  results  I  am  describing. 
The  only  translation  that  was  really  used  at  the  intermediate 
stations  is  shown  in  the  diagram.  You  will  see  that,  when 
divided,  both  circuits  work  either  simultaneously  or  independently 
[tUscrUnng  the  diagmTn].  A  relay  and  sounder  are  always  in 
circuit  at  translating  stations,  so  that  the  work  can  be  watched. 
Its  disadvantage  is  that  there  are  four  relays,  and  the  line 
battery  is  earthed  at  the  centre.  [The  course  of  the  incoming 
ctirreid,  iia  action  upon  the  relays,  and  its  traiislation,  were 
traced  tkrovijh  the  dhigravi.']  With  heavy  traffic  on  a  defective 
line  much  delay  may  be  saved  by  the  intermediate  watching, 
and  the  intermediate  stations  can  come  at  once  into  work,  and 
transmit  when  required. 

Captain  Wood  made  some  interesting  tests  of  the  line  in 
tipper  Egypt,  taken  both  morning  and  evening,  from  the  Ist  of 
December  till  the  Slat  of  March.  The  I.R.  and  C.R.  taken 
in  that  period  were  on  two  sections — one  bi-tween  Cairo  and 
Assiout,  S30  miles,  partly  of  No.  6  and  portly  of  No.  8  wire ; 
and  one  between  Assiout  and  Assouan,  310  miles,  of  "So.  8 
wire.  In  the  first  section  the  insidation  resistimce  was  below 
5,000  ohms  on  38  mornings  and  19  evenings,  on  nearly  half  of 
which  it  was  below  1,000  olims.  The  conductivity  resistance, 
however,  steadily  rose  from  1,350  to  3,400  ohms,  showing 
that  the  efibrta  to  improve  the  insuhition  had  succeeded  to  » 
-¥rta/n  extent.     In  the  secDiiA  e©c^\ot\  tte  I.R.  was  below  5,000 
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ohms  on  10  momiaga  and  5  evenings;  the  C.R.  fell  steadilj  from 
5,100  to  3,100  ohms — probably  due  to  the  cutting  out  of  dry 
joints.  On  those  occasions  the  current  received  from  28  cells  at 
Cairo,  when  tlie  I.U.  =  1,500,  and  the  cnlculated  C.R.  =  3,450, 
waa  -037  railleampSres  per  cell,  or  a  total  of  1-0I6.  When  the 
I.IJ.  =  1,000,  and  the  continuity  the  same  as  before,  the  current 
received  was  1*73G  milleampttres ;  when  it  was  2,000,  it  was  2'632 
milliampSres ;  when  it  was  5,000,  it  was  3-64  miUi?ami)6res.  In 
the  second  section,  when  the  I.R.  =  fiOO  ohms,  and  the  calculated 
GJi.  =  4,650  ohms,  the  current  received  at  Aasiout  from  40  cells 
at  Assouan  was  1  miUeamp^re ;  with  1,000  insulation  resistance 
it  was  1-68 ;  with  2,000  it  was  2-64 ;  and  with  5,000  it  was  4.  "With 
the  most  delicate  adjustment  of  a  Post  OfSce  standard  relay,  the 
presence  of  a  current  of  2  miileamperes  can  barely  be  detected, 
with  an  improved  Siemens  rela^'  much  more  current  is  required, 
so  that  a  working  current  of  IG  to  20  milleampdres  at  least  was 
necessary.  These  were  the  results  of  the  daily  tests  of  the  line. 
Bat,  in  addition,  all  actual  faults  occurring  and  causing  interrup- 
tion to  through  traffic  were  reported  immediately  by  wire  to  the 
Telegraph  Administration,  and  daily  in  detail  in  writing,  accord- 
ing to  the  home  custom.  When  the  time  of  these  interruptions, 
as  taken  from  all  the  office  diaries,  was  added  together,  it 
amounted  to  40  days  of  24  hours  in  six  mouths ! 

The  Post  Office  pattern  block  agglomerate  Leclanche  bat- 
teries, ivith  an  E.M.F.  of  1'5  and  E.  of  "6,  were  our  principal 
stand-by.  Besides,  we  had  the  field  service  Leelanche  bat- 
teries of  the  equipment,  which  suffered  a  good  deal  through 
the  dryness  of  the  climate  and  jolting  in  transport  on  camel- 
back.  We  also  had  to  use  Minotti  batteries  which  we  found 
in  the  country,  as  well  as  ordinary  Donicll  cella,  of  which  we 
found  some  in  tlie  Soudan.  The  military  Slorse  recorder  now 
in  uae  is  an  improvement  on  that  called  "Morse  Recorder, 
Universal  Pattern,  No.  I.,"  which  I  sliowed  here  in  1882.  It  has 
superseded  the  latter,  and  is  marked  "No.  11."  Its  advantages 
are  very  great,  and  it  well  deserves,  I  think,  the  name  of 
"  Universal  Pattern."  The  winding  of  the  coils,  which  are  150 
obinn  each,  is  side  by  side,  commencing  in  the  c^ititxe  o^  fwJa, 
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bobbin,  bo  as  to  avoid  inside  ends,  and  ofTeriiig  the  advantage 
that  whichever  way  the  current  passes,  the  same  result  on  the 
electro-magnet  ia  produced;  they  can  be  joined  either  in  seriee 
or  parallel,  and  their  reaisfance  in  series  ia  300  ohms,  and  in 
parallel  75 — conditions  suitable  to  direct  and  local  working 
respectively.  These  instniments  can  be  worked  with  a  closed 
circuit  by  mo\ing  a  switch,  and  can  also  be  used  as  a  relay, 
besides  being  differentially  wound  to  work  duplex. 

The  vibrator  arranged  by  Captain  Cardew,  and  constructed 
on  tlie  same  principle  as  the  vibrator  of  Elisha  Gray,  shown 
here  by  me  in  1878,  was  connected  as  a  shunt  to  a  circuit, 
with  a  Bell  njagneto-telepb  one  as  a  receiver.  On  depressing 
the  key,  intermittent  currents  are  sent  to  line,  which  can  he 
heard  as  a  musical  note  in  the  telephone,  or  telephones,  in 
circuit,  even  when  the  intervening  conductor  has  so  high  a 
continuity  resistance  and  so  low  an  insulation  resistance  that 
no  ordinary  working  current  would  be  perceptible.  The  receptiojj 
of  this  buzzing  soimd  by  ear  is  no  doubt  fatiguing  to  thotw 
accustomed  to  read  by  the  sharp  click  of  sounders,  but  it  was 
resorted  to  from  time  to  time  between  Assiont  and  Cairo,  and 
it  was  only  when  that  altogether  failed  that  Lord  Wolseley 
was  obliged  to  order  special  engines  to  take  important  messageg. 
Once,  between  Dongola  and  Behbeli,  when  an  earth  on  Ihe  hne 
prevented  ordinary  working,  the  vibrating  sounder  worked  with 
good  results  for  several  hours.  Mr.  Paoletti  started  on  his 
camel  to  find  the  fault,  and  took  with  him  a  telephone  and 
some  "leading"  wire.  Whenever  be  came  to  a  place  where 
earth  could  be  obtained,  he  put  a  "  lead"  from  the  line  wire  ihrougli 
the  telephone  to  earth,  and  thus  detected  the  buzzing  sound. 
He  travelled  till  dark,  repeating  the  test,  still  hearing  the 
same  sound.  Next  morning  when  he  awoke,  on  again  testing 
with  the  telephone,  he  heard  the  clicking  of  the  sounder,  and, 
knowing  tliut  ordinary  working  was  resumed,  returned  on  his 
ride  of  40  miles  to  Dongola, 

Means  for  signalling  formed  part  of  the  field  telegraph 
equipment  sent  out  for  the  Nile  Espedition.  It  was  intended 
for  iieliographic    commumcaUon    with    Sir    Herbert    Stewart's 
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column  across  tbe  desert,  but  it  was  not  our  fate  to  be  allowed 
to  use  it,  althoiigli  with  some  labour  it  was  duly  transported  to 
Korti  in  good  time.  With  the  column  itself  wbile  on  the 
march  signalling  officers  and  men  communicated  between  the 
front  and  rear  of  the  cDlumn,  alao  between  the  outposts  and  the 
General,  and  rf'ndered  good  senice. 

Heliographiug  from  Korti  to  Gakdul  was  ordered  in  I-'ebruarv, 
but  countermanded  on  account  of  the  necessity  of  using  for  more 
pressing  needs  the  camels  that  would  have  been  rennired  for 
sending  out  supplies  to  the  signalling  stations.  Eventually, 
during  tbe  retreat  of  the  column  from  Gakdul,  tha  heliograph 
was  used  by  the  rearguard  for  communicating  with  the  main 
body. 

Communication  by  heliograph  is  a  means  which  is  moat 
suitable  in  the  Soudan,  in  spite  of  tbe  mirage.  The  country 
consists  of  great  plains,  interspersed  with  isolated  hills,  and  here 
and  there  a  range  with  bjgb  table  lands;  and  the  only  real  diffi- 
culty, if  stations  are  established  far  from  the  river,  is  the  amount 
of  transport  required  to  feed  them  and  to  supply  them  with 
water.  I  do  not  believe  that  isolated  stations  in  the  Bayuda 
Desert  would  have  run  any  risk  of  b*ing  molested  by  any  vagrant 
parties  of  Arabs  which  might  have  approached  them. 

Telegraphy  and  signalling,  to  tlie  mind  of  a  telegraphist,  are 
one  art;  they  are  both  means  to  the  same  end,  and  although 
they  are  Jiandmaidens  of  the  same  su-ience,  they  have  been — -I  was 
going  to  say  divorced — separated  by  tbe  regulations  of  tbe  British 
Army.  Still  I  think  there  will  be  a  union  of  them  one  day. 
Common  sense  seems  to  point  in  that  direction,  and  I  am  quite 
sure  that  all  the  officers  who  have  been  employed  in  both  feel 
very  strongly  that  but  one  organisation  and  one  direction  is 
Dccessaiy  for  the  successful  application  of  these  means. 

The  use  of  our  telegraph  lines  in  the  work  of  tbe  lines  of 
communication  was  very  great.  Sir  Evelyn  Wood,  tbe  General  of 
Communications,  sent  upwards  of  3,000  telegrams  in  sis  months, 
all  written  by  bia  own  hand,  and  most  of  them  of  more  than  fifty 
words. 
j_     Of  tbe  innumerable  cases  in  which  time  was  saved  b^  its  \isr- 

It"' 
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it  would  bo  impossible  to  attempt  to  give  an  idea.  For  instance, 
it  saved  time  in  the  followiTig  way  in  an  expedilion  over  so  long 
a  line  as  you  see  on  tlie  map.  At  every  place  beyond  Assiout 
rations  were  scarce — very  much  bo  beyond  Haifa.  It  was  of 
great  importance  that  the  stores  should  not  be  used  up  by 
stationary  or  waiting  bodies  of  troops.  By  means  of  the  telegraph 
the  troops  were  detained  until  the  la^t  moment  where  food  was 
plenty,  and  then  sent  fonvard  when  they  were  actually  wanted. 
Any  other  means  of  communication,  by  post  or  messenger,  would 
not  have  achieved  the  same  end  ;  and  if  one  calculates  the  time 
that  must  have  been  lost  without  the  telegraph,  it  seemB  quite 
possible  that  without  that  means  of  sending  orders  the  expedition 
would  have  been  impossible  altogether,  at  any  rate  in  any 
reasonable  time,  and  its  cost  to  the  uation  enormously  incTease-d. 
Orders  for  the  movement  of  indiridual  detachments  and  stores 
of  every  kind  were  flying  over  the  line  at  every  hour  of  the  day 
and  night. 

I  think  it  may  be  safely  said  that  the  arrival  of  the  expedition 
at  Korti,  the  advanced  base,  was  due  to  three  energies;  and, 
without  going  back  to  the  prime  causes  of  energy,  that  brains — 
was  the  first ;  the  north  wind — was  the  second — it  blew  four  days 
out  of  five,  and  none  of  the  coal  for  the  steamers  could  have  been 
brought  up  except  for  the  north  wind ;  and,  it  is  not  too  bold  I 
hope  fur  me  to  say,  electricity — was  the  third.  It  is  very  difficult 
to  say  what  was  the  measure  of  time  saved  by  the  telegraphs;  I  do 
not  think  it  could  be  mathematically  calculated  out.  It  would  be 
easier  to  calculate  the  footr-pound  result  of  the  wind  on  the  Bails 
of  the  diabcnhs  and  sail-boats.  The  Generals  and  Staff,  who  were 
using  it  every  hour  of  the  day  and  night  for  six  months,  can  best 
testify  to  its  value ;  but,  as  with  our  postal  telegraphs  at  home, 
those  who  used  it  took  it  all  aa  a  matter  of  course,  and  only  when 
there  was  cause  of  complaint  was  this  silent  machinery  ever  heard 
of  or  its  existence  noted.  That  complaints  were  very  rare,  and 
that  its  value  received  Do  public  recognition,  is  perhaps  the 
highest  praise  it  could  have. 

The  most  trustworthy  history  of  that  campaign,  and  the 
evidence  ol  all  the  phases  of  its  progress,  are  to  be  read  in  those 
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lelegrama.     The   telegraph,  of  course,  was  used  not  only  by  the 

pteneral  Commancling-iD-Chief  for  hia  cypher  messages,  which 
■rere  of  the  greatest  importance,  but  also  for  press  and  iirivate 
■Qessages,  and,  as  has  been  said,  for  all  the  work  of  daily  seeking 
Bad  pressing  forward  everything  that  was  wanted  bv  every 
department  of  the  army.  On  one  night  17,000  words  were  for- 
warded to  London.  The  General's  cypher  messages  of  course 
required  great  accuracy,  and,  being  written  in  several  cyphers, 
[cired  considerable  es]ierience.  We  had  no  complaint  of 
inaccuracies,  but,  as  regards  the  messages  to  Eurojic,  I  must  not 
^^orget  that  equal  credit  is  due  to  the  Eastern  Telegraph  Company 
^Bor  their  share,  which  was  the  work  between  Cairo  and  London. 
^K  Ahl  sir,  it  was  a  stimng  time,  I  can  tell  you,  when  those 
^Tnessages  were  handed  in,  and  we  worked  all  night  often  till 
^ebi  in  the  morning,  and  we  knew  that  those  accounts,  which 
^Hrere  thrilling  us  quite  as  much  ae  they  interested  you  at  home, 
^Hrould  he  in  your  daily  papers  that  very  morning.  I  daresay  you 
^^rill  all  recollect,  them.  They  gave  a  great  deal  of  work,  and  our 
men  did  their  work  well. 

tAU  press  and  private  messages  liad  to  pass  under  a  censorship, 
3  that  they  should  not  contain  anything  that  coidd  be  made  use 
f  to  the  detriment  of  the  army.     This  would  have  been  of  little 
uae  but  for  the  secrecy  and   discretion  of  the  whole  telegraph 
nff.    The  Director  of  Telegraphs  was  made  personally  responsible 
'for  the  success  of  the  arrangements  which  secured  i(.     If  it  had 
been  in  the  days  of  Cromwell,  he  would  have  run  the  risk  of 
losing  hia  head.     As  yon.  see  him  here  safe  and  sound,  you  must 
^hesume  that  there  was  nothing  of  that  kind  that  went  wrong, 
^B      A  large  amount  of  Arabic  work  necessarily  passed  over  the 
^^Bne,  and  precautious  had  to  he  tuken  against  its  being  used  for 
^Hfcteasonable  purjiosea.     Without  special  precautions  and  constant 
^fcratch fulness  there  was  nothing  at  all  to  hinder  two  Arabic  clerks, 
^"when   they  were  using  the  circuit,  talking  to  one  another,  and 
betraying  any  secret  or  conveying  any  information;  in   fact,  we 
know  that  emissaries  of  the  Mahdi  did  try  to  send  telegrams, 
but  we  also  know  that  they  did  not  reach  the  people  for  whom 
they  were  destined.  , 
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At  vital  moments,  wUen  it  was  necessary  that  our  General's 
message  should  be  in  the  hands  of  the  Secretary  of  State  for 
War  long  before  any  other  that  might  coutiuu  reference  to  the 
same  subject,  it  was  obligatory  to  make  it  absolutely  iiuposaible 
for  niiy  miscarriage  to  occur.  Figuratively  speaking,  the  telegraph 
forwurdiiig  key  was  put  under  lock  aud  key,  and  I  kept  the  key 
iu  my  pocket.  Awaiting  Ihe  preparation  of  the  message,  all 
work  to  and  from  Korti  was  stepped.  Preparatory  C  Q's  were 
sent  calling  the  officers  and  clerks-in-charge  at  each  station  to 
stand  at  "attention;"  they  were  then  told,  when  tlie  message 
was  ready,  to  stand  clear,  and  to  watch  the  working  of  the  trans- 
lators irom  a  distance.  The  key  at  Eorti  was  set  to  work,  and 
until  the  whole  message  had  been  received  in  Cairo  and  repeated, 
and  liad  been  handed  over  to  the  Eastern  Telegraph  Company, 
no  interruption  or  interference  was  allowed  to  take  jjlace. 

Telegraph  regulations,  which  had  always  before  been  wanted 
for  the  service  of  the  army  telegraphs,  had  been  drawn  u]i  in 
18*13  by  a  committee  of  which  I  was  President,  and  brought  into 
use  just  before  the  starting  of  the  exjiedition.  That  Httle  book 
of  regulations  was  of  very  great  use.  If  it  had  not  been  "'n 
existence,  most  of  its  regulations  would  have  had  to  have  been 
telegi-aphed  ;  ua  it  was,  if  attention  had  to  be  drawn  to  any  subject, 
all  that  was  necessary  was  for  the  Direction  to  refer  to  them. 
Only  58  CQ's  were  sent  during  the  whole  time,  but  it  was  foimd 
very  necessary  to  control,  direct,  and  giude  the  business  by  con- 
versations on  (he  wire.  Moat  of  those  which  tiie  Direction  held 
were  carried  on  at  night  with  the  various  persons  responsible. 
Tlieir  total  amounted  to  over  50,000  words,  of  a  tariff  value  of 
over  ±'1,300,  The  personal  anxiety  and  strain  of  ever  being 
mentally  present,  and  of  having  to  realise  daily,  if  not  hourly, 
what  was  going  on  in  working  and  maintaining  that  1,150  miles 
of  precarious  telegraphs,  I  will  not  deny,  was  very  great,  and 
Bometimes,  wheu  unnecessary  difficulties  harassed  one,  aud  par- 
ticularly when  health  failed,  almost  exceeded  the  limits  of 
endumnce.  But  there  was  one  good  thing  to  stand  by,  the  value 
of  which  every  telegraph  manager  will  understand,  and  that  wag 
the  loyalty  of  the  staff  under  me. 
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^H    Vie  were  obliged  to  aclnpt  the  (-ariff  in  use  in  Egypt  and  the 
^Boudau,  for  reasons  which  it  woidd  be  too  loug  to  explain  here. 
It  is  a  regional  tariff,  and  you  can  lEnagine  the  compUcation  of  it 
when  I  tell  joii  that  the  first  region  is  Lower  Egypt ;  the  second 
is  Cairo  to  A-ssioiit,  both    places   included;  the  third, south   of 
Assioiit  to  Esneh;  the  fourth,  south  of  Esueh  to  Wady  Haifa; 
.e  fifth,  Wady  Haifa  to  Dongola;  the  sixth,  south  of  Dongola 
to  Berber ;  and  the  seventh,  beyond  Berber.   Within  one  region  the 
tariff  is  ten  pia^treB  for  five  worda,  or  Is.  OJd. ;  between  regions 
it  is  double;  and  for  each  intermediate  region  a  siniilar  charge  is 
added.     Amongst  the  multifarious  duties  of  our  clerks,  they  had 
to   receive  jiayment  for  messages  in   all  sorts  of  money.     They 
found  Marie  Theresa  dollars  in  use  in  one  place,  Colonat  dollars 
in   another,  besides   French  and  English   money;    and,  agJiin,  all 
kinds  had  to  be  brought  to  account  in  piastres,  and  the  piastre 
value  sometimes  changed.     To  get  halfpenny  stamps  me  cut  our 
penny  slumps  in  two.  I  do  not  know  whether  anybody  has  resorted 
to  that  before. 
^K     Warrants,    something    on  the  principle  of  the  t^heque   Bank 
^^^stem,  were  kept  at  all  offices,  so  that  persons  authorised  to  draw 
cheques,  and,  who  had  credit  at  the  War  Office,  were  enabled  to 
pay  for  their  telegrams  without  carrying  money  about  with  them, 
^^     The  Eastern  Telegraph  Company  conferred  a  great  boon  on 
^^Hie   army.      Tliey  allowed   what   were  called  "privileged    mes- 
^Hnges "  to  pass  over  their  line  free  in  cases  of,  sickness,  death, 
^Homestic    affliction,    wounds,    and    such   like.      Air.   >^chnitzler, 
Eeuter's    agent    at    C^ro,   compiled   daily  a   bulletin   of  news, 
sometimes  of  very  considerable  length,  and  presented  it  gratui- 
tously  to  our  office.     Tliis   bulletin  was   sent  by  telegraph  to 
^Mrery    military   station  you  see  on  the   map,    anil  a   copy  was 
suspended    witliin  half  an  hour  outside    the    telegraph  offices; 

Ind  if  you  had  seen  the  Britisli  soldiers  gathered  round  them 
—sometimes  one  fellow  residing  out  to  the  rest — you  would  never 
By  that  they  were  not  pleased  and  delighted  to  get  news  of  home. 
I  mentioned  the  Arabic  messages.  There  was  one  gentleman 
who  I  hope  ia  here,  but  I  cannot  at  the  moment  see  him) — Mr. 
William  MacColIough— whose  services  wete  ■5\aiie&  iA.fee  fes^Ri^ 
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of  I  he  army,  to  whom  is  due  the  honour  of  having  had  the  charge 
of  a  most  important  duty.  He  vras  stationed  at  a  paint  on  the  Une 
where  he  had  to  watch  every  Arabic  mesaage  that  passed.  During 
six  months,  any  limo  at  night  and  day,  he  was  liable  to  be  called 
upon  to  attend.  He  thus  watched  upwards  of  5,000  messages, 
reading,  of  course,  everything  that  was  neceaaary,  and  detecting 
what  should  not  go  through.  He  wan  the  only  person,  I  think  I 
may  safely  say  in  all  Egypt,  if  not  in  the  habitable  globe,  who, 
being  able  to  read  freely  the  Arabic  Morse  .fignals  by  ear, 
could  have  been  ontmated  with  so  responsible  a  duty. 
It  was  jierfonued  in  a  way  which  could  only  have  been  obtained 
from  a  man  of  JMr.  MacCollough's  high  character  and  stamp. 
I  very  much  fear  that  this  serrico,  fo  essential  to  the  safety  of 
the  army,  and  so  exceptionally  confidential  in  its  nature,  will  be 
passed  over  unnoticed,  and,  a:*  is  too  often  the  case,  fade  from 
memory  in  competition  with  those  of  a  more  noisy  kind ;  indeed, 
it  is  more  than  possible  that  faithful  sen*ice  to  the  British  .\rmy 
in  connection  with  the  telegraphs  has  had  the  effect  of  damaging 
the  career  of  any  one  in  the  Egyptian  service. 

We  had  a  clearing  iiouse— for  the  first  time  that  a  clearing 
house  on  an  extensive  scale  has  been  employed  in  the  army. 
Mr.  A.  Oatway,  of  the  Post  Office  Telegniphs,  was  sent  out 
to  take  charge  of  it,  and  I  cannot  lose  thin  opportunity  of  express- 
ing my  gratification  and  thanks  to  him  for  the  way  in  wliich  the 
work  was  done.  He  was  in  charge  not  only  of  the  work  of  clearing 
messages,  but  of  keeping  accounts  of  the  most  complicated  kind, 
besides  communicating  with  all  the  administrations,  the  news- 
papers, and  so  forth.  He  also  had  to  keep  the  records  of  my 
office  for  me.  Now,  a  Director  of  array  telegraphs  cannot  traYel 
with  his  office ;  his  camel  carries  very  little  office  littings,  I  assure 
you;  so  that  it  was  necessary,  during  the  expedition,  for  him  to 
have  his  office  1,000  miles  away  from  him  at  Cairo,  and  that  was 
conducted  by  Mr.  Oatway,  to  whom  everything  of  importance 
was  conveyed  by  telegraph,  and  all  documents  aeut  afterwards 
by  post. 

The  value  of  all  telegrams  had  to  be  debited  to  two  accounts — 
one  the  Egyptian,  the  other  t\i«So\i6Ka,CioNft'nttnent;  to  a  general 
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tccount  everything  bad  to  be  brought,  and  then  a  subdivision  vma 
made  between  these  two  Administrations.  There  were  fuither 
subdivisions  (I  tell  yon  this  ao  t-hat  those  who  were  engaged 
in  tlie  work  may  feel  they  have  not  been  forgotten)  ;  for  instance, 
Her  Majesty's  Government,  the  Egyptian  Government  eivil  and 
military,  the  Soudau  Administration,  tlie  Mudiriate  of  Dongola, 
the  Khcdival  account,  press  accounts  with  each  newspaper,  besides 
private  message  and  warrant  accounts. 

Now,  as  to  numbers,  though  I  am  afraid  statistics  are  always 
imewhat  dry.    I  will  give  yoit  one  or  two,  wLieb  I  hope  will  not 
tire  you. 

We  cleared  in  six  months  over  43,000  messages,  of  the  tariff 
value  of  over  £23,000;  besides  about  11,000  D.S.  and  S.G. 
messages  of  216,680  words,  of  the  tariff  value  of  over  £5,000 ;  and 
during  that  time  (I  hope  some  representative  of  the  Eastern  Com- 
pany is  here  to  hear  it)  we  collected  for  the  Eastern  Telegraph 
Company  over  £10,000.  That  will,  I  hope,  compensate  them  for 
the  heavy  loss  on  the  lowering  of  their  tariflP  between  this  and 
Egyjit,  which  I,  for  one,  considered  unnecessary  on  the  grounds 
upon  which  it  was  apparently  made  ;  for  I  do  not  believe,  with  my 
liuowledge  of  the  working  of  telegraphs  in  Turkey,  that  a  lower 
tarifl'  by  that  route  would  have  had  a  chance  of  competing  with 
^^be  cable. 

^B  In  the  month  of  January,  1885,  it  had  become  evident  to  Lord 
^pfrolseley  that  the  conditions  of  maintenance  of  the  lines  in  Upper 
Egypt,  upon  which  the  communications  of  the  army  depended, 
had  become  too  precarious  to  permit  of  the  continuance  of  the 
arrangement  which  had  been  perforce  accepted  in  the  September 
previous.  The  utility  and  necessity  of  the  telegraph  as  being 
vital  to  the  service  of  the  army  had  by  that  time  asserted  itself. 
It  was  therefore  decided  to  move  the  Egyptian  Government  to 
transfer  that  part  of  the  system  to  military  charge;  and  in  Slaroh 
I  was  despatched  from  Korti  to  carry  out  this  transfer,  and  to 
make  the  necessary  financial  arrangeraenta  connected  therewith. 
The  journey  waa  accomplished  to  Cairo,  in  spite  of  shipwreck 
(and  consequent  loss  of  many  worldly  goods),  contrary  vinda, 
sand  banks,  and  the  doctor's  prohibitions  to  Ira.'ie^,  va  'i\  ^ix\%. 
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Owing  to  sevei-al  unusual  difficulties,  it  took  till  the  1st . 
May  to  complete  tlie  cliauge  by  wliitjli  the  system  of  Uj 
Egy^jt  that  you  see  on  the  map,  with  all  its  lines,  offices,  material^ 
staff,  and  collection  of  revenue,  was  brouglit  under  noilitary 
direction,  including  about  500  native  iudoor  and  outdoor 
employes,  under  Mr.  Charles  Clarke,  C.ALG.,  who  had  for  some 
time  been  stationnd  at  Assioat,  and  ivho  had  been  endeavonriog 
to  the  best  of  his  power  to  im^irove  the  telegraph  service  of  th»l 
part  of  the  country,  and,  iu  so  doing,  to  prove  his  acknowledgme 
of  the  distinction  conferred  on  him  in  1882. 

Unfortunately,  this  charge  of  things  came  too  late  to  aGfo 
the  results  fur  the  army  which  would  have  certainly  followed 
the  operations  been  continued.     At  any  rate,  it  was  satisfactory' : 
know  (when  eyesight  failed  later  on)  that  the  whole  machine 
under    control,    that    all    was    capable    of   being    made    to 
smoothly,  and  that  the  General  and  the  aimy  could  have 
served  in   a   way    which,    so    far    as    was    achieved,  in 
respects  meets  no  competition  in  the  annals  of  the  use  of  tef^ 
graphy  in  war. 

Sir,' if  in  endeavouring  to  present  to  you  and  my  hearers  some 
account   of  the   telegraph   work   of   the   Nile    Esjiedition, 
narrative  has  been  prolonged  beyond  the  limits  of  your  [mliet 
I  trust  I  shall  be  pardoned  by  yourself  and  the  audience,  wt 
probably  can  now  understand  the  difficulty  of  condensing 
a  subject  within  the  ordinary  limits  of  a  lecture.     In  judging* 
our  work,  pray  recall  that  our  occupation  shunted  us  oft"  the  man 
hue,  the  terminus  of  which  is  the  goal  of  every  true  soldier's  hoj 
and  ambitions,  namely,  the  presence  of  the  enemy ;  and  that  wl 
all   further  advance  of  the  byway  to  honour  which  we  had 
follow  was  denied  to  us,  then,  indeed,  came  our  hour  of  trial. 
will  be  haid  for  me  to  forget  that  feeling;  but  there  is  a 
satisfaction  left,  if,  by  what  I  have  told  you  of  the  culmlmit 
work  of  my  telegraph  career,  my  narrative  has  done  justice  tol 
gallant  band  of  officers  and  men,  who  worked,  I  lieheve,  as  he 
and  with  as  good  results  as  their  comrades  whose  work  received 
the  highest  praise. 
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The  President:  Gentlemen,  we  will  now  discuss  the  very 
interesting  paper  which  General  'Webber  has  been  good  enough  to 
give  us.  He  has  shown  us  that  the  position  of  a  telegraphist  at 
the  seat  of  war  is  anything  but  a  comfortable  or  pleasant  one,  and 
that  he  is  surrounded  by  as  many  dangers  as  those  who  have  to 
go  to  the  front ;  and  the  position  appears  to  be  the  more  Ir^-iug 
by  the  deprivation  of  the  stimulus  and  support  of  compauionahip, 
and  bv  their  being  left  comparatively  unprotected,  with  so  little 
cbiiUL,:  of  successfully  defending  themselves  against  the  attack  of 
any  small  bodies  of  the  enemy,  instances  of  whose  revolting 
barbarity  General  Webber  has  given  ns  to-night. 

Col.  R.  Harrison,  K.E.  :  Mr.  President,  I  was  not  prepared  when 
I  entered  this  room  to  make  any  remarks,  but  as  I  have  been  called 
upon  by  you  to  say  a  word  or  two  I  will  not  decline  to  do  so. 
With  reference  to  the  very  valuable  lecture  which  we  have 
received  from  General  Webber  to-night,  I  will  oidy  say  this  one 
thing,  that  I  am  glad  to  bear  what  small  testimony  I  can  to  the 
exceedingly  good  and  valuable  work  that  was  done,  not  only  in 
the  Nile  Expedition,  but  in  all  the  expeditions  of  modern  times, 
by  the  military  telegraph -engine  era.  It  seems  to  me,  if  1  may 
say  so,  that  the  reasons  which  have  enabled  them  to  do  such  good 
work  in  modem  expeditions  are  three,  viz. :  they  are  esceechngly 
well  organised ;  they  have  the  very  beat  stores  that  the  country 
can  produce;  and  there  is  an  intimate  connection  between  them 
and  the  great  civil  telegraph  organisations  of  this  country. 

The  PRE31DEST:  We  are  fortunate  in  having  so  many  military 
gentlemen  here  to-night.  I  will  ask  Captain  Beresford  to  favour 
us  with  his  remarks. 

Capt.  Beresfokd,  R.E,  :  Mr.  President  and  gentlemen— I 
will  not  detain  you  very  long,  but  I  should  like  to  say  a  few  words 
about  the  campaign  in  the  Eastern  l^oudan — that  is,  the  expedi- 
tion that  started  from  Souakim,  with  Berber  as  its  object.  We 
did  not  get  very  far  on  our  road,  as  you  all  know  j  in  fact,  we  did 
not  go  more  than  20  miles  up  country,  and  so  we  had  not  the 
esperionce  that  General  Webber  had,  but  what  we  did  brought 
out  n  good  many  points  and  gave  experience  for  future  wars. 
There  are   several  points  I   should    like   to   dia.'s  3X.V«\iV\.Q-a  \.o. 
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Perhaps  some  of  you  are  not  aware  that  we  had  with  ns  fifteen  of 
the  best  clerks  the  Post  Office  could  send — civilian  clerks,  volun- 
teers, belonging  to  the  24th  Middlesex.  To  show  the  necessity 
for  having  the  very  best  derks  on  war  service  1  will  just  give  a 
few  statistics.  We  had  four  principal  offices  out  in  the  Eastern 
Soudan — Souakim,  {Quarantine  Island,  Handub,  and  the  Head- 
quarter camp.  Quarantine  Island  was  the  centre  of  all  the  tele- 
graphic communication,  and  it  was  in  work  for  81  days.  The 
average  nuniber  of  messages  per  day  was  135 ;  the  average 
number  of  words  per  message  25.  During  the  month  of  Slay  we 
had  a  daily  average  of  214  messages  at  Quarantine  Island  ;  on 
the  15th  May,  the  day  that  orders  were  given  to  embark  and  go 
home,  811  messages  were  dealt  with,  princiiially  on  two  out  of  five 
instruments  in  the  office.  That  means  a  very  large  traffic,  and  I 
lately  compared  it  with  that  of  some  of  the  offices  in  England. 
I  will  take  Exeter.  The  other  day  Exeter,  with  36  instruments, 
had  2,470  messages ;  that  is,  the  traffic  on  Quarantine  Island  on 
the  15th  May  had  more  than  twice  as  great  an  average  as  the  traffic 
at  Exeter  on  6th  November.  That  shows  you  what  the  traffic  may 
be,  and  how  we  must  have  the  best  clerks  to  deal  with  it.  The 
neit  point  I  should  like  to  draw  jour  attention  to  is  the  use  of 
Xo.  14  hard  drawn-copper  wire.  It  was  an  experiment  taking 
that  material  out.  Some  people  believed  it  was  suitable,  while 
others  did  not.  We  heard  that  it  answered  well  on  the  Nile  and 
in  South  Africa,  but  ours  was  a  different  case.  We  had  only 
20  miles  of  line,  and  that  line  was  broken  down,  I  may  say, 
every  day  by  camels,  and,  at  one  period,  every  night  by  the 
Hadendowas,  and  in  the  course  of  a  few  weeks  it  became  mere 
patchwork.  Those  who  work  with  No.  14  copper  wire  know  that 
the  least  scratch  on  it  will  probably  cause  it  to  break.  It  is  veiy 
difficult  to  manipulate,  and  very  difficult  to  repair.  When  we 
went  out  first  the  manufacturer  of  this  wire  told  us  on  no  account 
to  reel  it  on  our  military  drums;  it  would  not  stand  that,  we 
could  not  work  it.  But  we  did  reel  it  on  the  military  drunu, 
and  it  came  out  all  right,  and  we  reeled  it  up  again  nben  liuished; 
at  the  same  time  it  was  very  difficult  to  manipulate  during 
constant  repairs,  and  I's  strand  \a  \q.  eNexy  ^say  better  for  military 
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service,  in  my  opmion.  We  had  no  complete  telephones  except 
what  ive  borrowed  from  tlie  navy  and  others,  and  they  were  very 
much  wanted.  One  point  that  will,  I  am  sure,  interest  yon,  ia  that 
it  was  the  first  time  in  any  Eiiropejin  army  that  the  telegraph  has 
been  in  the  fighting  line.  Major  Turner  and  Lieutenant  Lindsay, 
both  officers  trained  under  the  Engineer-in-Chief  of  the  Post 
Office,  brought  the  telegraph  line  into  the  fight  at  '■  To  Frek"  (or 
McNeill's  zereba).  Arriving  there  about  eleven  o'clock  in  the 
morning,  it  worked  all  day  to  Souakim  without  break,  but  at  about 
seven  o'clock  that  night  the  cable  yras  cut.  That  zereba  was 
attacked  by  the  enemy,  and  the  telegraph  detachment  took  part 
in  the  defence.  1  think  that  has  not  been  generally  known — 
certainly  not  published  in  the  papers — but  it  was  the  first  time  in 
any  European  army  that  the  telegraph  has  taken  part  in  a  fight. 
I  hope  it  will  not  be  the  last. 

Tho  Pee3!DEST  :  Perhaps  Captain  ITammill,  R.N".,  who  knows 
the  country  very  well,  will  give  us  some  remarks. 

Capt.  Hammill,  R.N. :  Mr.  President  and  gentlemen, — I  felt 
very  much  honoured  in  Teceiving  yonr  invitation  to  attend  the 
meeting  to-night,  but  I  had  no  idea,  that  I  should  be  called  upon 
to  make  any  remarks  to  the  meeting.  At  the  same  time  I  was 
glad  to  be  able  to  attend  to  hear  General  Webber's  lecture  on  the 
telegraphs  of  tho  Nile  Expedition,  and  I  am  convinced  of  the 
immense  assistance  given  by  this  branch  of  the  service  to  that 
expedition.  Colonel  Harrison,  in  his  remarks,  as  reasons  for  the 
success  of  the  military  telegraph,  mentioned  three  principal 
subjects ;  but  I  think  he  omitted  one  whicli  ia  perhaps  the  moat 
important  of  all,  and  that  is,  the  zeal  and  diligence  displaj-ed  by 
the  officers  and  men  of  the  telegraph  companies,  for  without  that 
I  feel  perfectly  sure  that  not  one  tithe  of  the  work  which  was 
ciirried  out  on  the  river  could  possibly  have  been  accomplishcfl. 
The  organisation,  as  far  as  one  could  see,  on  tho  river — and  I  had 
many  opportunities  of  obsen*ing  it — and  the  means  supplied,  were 
perfectly  efficient  in  every  way.  I  think  that  all  those  who  took 
pajrt  in  the  expedition  thoroughly  appreciated  the  immense  ser^'ice 
rendered  by  the  officers  and  men  of  the  telegraph  staff  on  the 
Nile. 
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The  PiiEsiDEST :  Jlr.  Oatway  will  perhaps  give  us  his  remarks, 
Mr.  A.  Oatway  ;  As  you,  Mr.  President,  have  beeo  kind  enough 
to  call  upon  me  for  a  few  remarks,  I  will,  with  your  permission, 
give  some  additional  figures;  and  as  these  figures  include  the 
receipts,  and,  to  some  extent,  the  expenditure, from  thecommenw- 
nientto  the  end  of  the  expedition — i.e.,  from  the  1st  October,  1864, 
to  the  31st  July,  1885 — they  will  necessarily  be  of  interest,  and 
perhaps  of  some  value,  I  may  mention  that  the  accounts  for  the 
"  Frontier  Field  Force  "  commence  from  the  Ist  August. 

Taking  the  paid  work  first — ^that  ia,  the  cash  value  taken  over 
the  various  army  telegraph  counters — I  find  the  value  of  mililarv 
telegraph  stamps  afRjted  to  such  messages,  £2,814  18s,  lOd.,  and 
the  money  collected  at  Cairo  on  the  telegraph  warrants  drawn 
upon  agents  there,  £450  los.  8d.    The  Eastern  Telegraph  Company 
have  ]iaid  us  £622  3s.  5d,  for  messages  handed  over  by  them  for 
our  stations  in  Upper  Egypt  and  the  Soudan,  so  that  the  revenue 
paid  to  army  paymasters  in  Egypt  amounts  to  £S,S87  ITs.  Ud. 
The    sum   due    to    the   army   telegrapba    from   the   Telegrapb 
Administration    of    the    country,    for    similar     work    done,  is 
£976  10s.  3d.     These   figures  do  not  include  any   press  work. 
Tlie  total  value  of  the  private  and  press  work,  including  both  the 
Eaatemand  Administration  accounts,  amounts  to  £18,363  lis,  fld., 
and,  out  of  this  sum,  £12,268  15s.  6d.  represents  the  value  of 
the  press  messages  despatched  by  the  various  newspaper  corri'S- 
pondeuts.     The  telegraph  warrants  drawn  upon  Messrs.  Cox  &  Co- 
army  and  na\'y  agents,  by  various  ofiBcers,  amount  to  £1.1 18  5s.  !)d., 
and  those  drawn  upon  the  Chief  Paymaster  in  Egypt  to  £61  7s.  3d. 
We  have  paid  to  the  Eastern  Teh-gra])h  Company,  for  messages 
handed  to  them,  the  large  sum  of  £'25,786  6s,  lid.,  and  to  the 
Telf graph  Administralion  of  the  country,  for  messages  in  Lower 
Egypt,  £847  123.  7d.     The  total  number  of  messages  sent  over 
the  army  telegraph  lines  during  the  ten  months  was   126,936, 
and  their  value  (including  the  O.H.M.S.  messages,  hut  excluding 
the  service  messages  sent  by  the  Director  of  Army  Telegraphs  to 
his  officers,  or  from  his  officers  to  those  serving  under  them  as 
inspectors,  &c.)  is  £37,728  1  6b.  8d.      This  represents  the  value  of 
the  work  in  Upper  Egyipt  and  ttie.  So\j!io.w.    Taking  this  sum  of 
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£37,738  16b.  Sd.,  also  the  £22,786  6s.  lid.  paid  to  the  Eastern 
TelfgTJipb  Company,  and  the  £847  128.  7d.  paid  to  the  Egyptian 
Administration,  we  get  the  respectable  sum  of  £64,.362  IGs.  2d. 
It  is  very  gratifying  to  me  to  be  able  to  atate  that,  notwithstand- 
ing the  tremendous  pressure  after  each  engagement  (we  Lave  on 
several  occasions  received  at  Cairo  during  one  night  16,000  or 
17,000  words,  as  stated  by  General  Webber,  many  of  the  press 
messages  rL-ncbing  the  enormous  sum  of  i'400  or  £500^,  I  have 
only  received  one  complaint  of  delay  from  the  press,  which,  on 
investigation,  I  found  rested  with  llie  Eastern  Telegraph  Company, 
and  was  satisfactorily  accounted  for  by  them. 

I  hope,  ^Ir.  President  imii  gentlemen,  that  I  have  not  wearied 
you  with  these  figures,  and,  in  conclusion,  I  beg  to  thank  General 
Webber  for  the  kind  remarks  he  has  made  concerning  myself,  and 
also  beg  to  assure  him  that  nothing  would  afiord  me  greater 
pleasure  than  to  accompany  him  as  Lis  assistant  in  a  similar 
expedition, 

The  President:  Major  Jelf  is  here,  and  as  he  baa  just 
retnnied  from  bis  charge  in  Bechuaualand,  perhaps  he  will  kindly 
favour  us  with  a  few  remarks  upon  this  most  interesting  subject 
of  military  telegraphs,  and  give  us  the  advantage  of  his  practical 
experience. 

Major  K.  H.  Jei.f,  K.E.  :  Mr.  President  and  gentlemen, — I 
came  here  with  great  pleasure  to  hear  what  General  Webber  had 
to  tell  us  about  the  operations  on  the  Nile,  without  the  least 
idea  that  our  efforts  in  South  .\frica  would  be  Ukely  to  come 
before  the  notice  of  the  meeting. 

The  chief  remark  that  I  have  to  make  upon  the  subject  of 
the  telegraphs  in  South  Africa  is  that  we  were  most  wonderfully 
fort  unate  in  their  erection :  the  elements  were  favourable,  and 
evi-rjthing  seemed  to  go  as  smoothly  as  possible;  there  were 
comparatively  few  diflBcultiea  or  disadvantages  to  speak  of.  The 
chief  distinction  between  the  telegraphs  General  Webber  has 
described  and  those  which  I  had  the  honour  to  be  connected 
with  in  South  Africa  was  in  the  fact  that  ours  was  essentially  a 
field  telegraph ;  we  carried  nothing  but  field  telegraph  stores, 
We  had  the  good  fortune  to  erect  and  maintain  for  nine  months 
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3^0  miles  of  field  telegra]>h.  TUe  whole  of  that  was  broaghl  in 
material  from  England ;  we  could  find  nothing  of  servitu?  on  the 
Bpot,  not  even  a  few  miles  of  wire — of  which  we  ran  short— and 
practically  the  whole  350  miles  of  poles  :ind  telegraph  line  had 
to  be  sent  from  this  country.  I  quite  a^ec  with  what  General 
Webber  and  Captain  Beresford  said  us  to  the  wonderfully  good 
work  done  by  the  men.  The  telegraph,  I  am  happy  to  think, 
flurprised  people  with  its  rapidity  in  South  Africa.  We  started 
at  Barkly,  which  is  the  terminus  of  the  Cape  Colonial  telegraphs, 
700  miles  from  Cape  Town,  and  went  on  at  the  rate  of  six  miles 
a  day'  for  3ciO  miles  up  the  country.  The  total  number  of 
working  men  was  only  fifty-five,  including  those  we  had  to  leave 
behind  ut  each  of  the  fifteen  offices  as  clerks  and  linemen.  The 
first  section  that  I  took  out,  consisting  of  one  officer  only  besides 
myself,  and  fifty-five  men,  with  the  assistance  of  a  few  natives, 
constructed  175  miles  of  field  telpgniph,  and  maintained  it,  with 
nine  offices,  before  a  second  small  section  of  another  officer  and 
twenty-two  men  could  arrive  from  England.  The  total  number 
of  offices  before  the  expedition  returned  was  nineteen  in  the  350 
miles.  Sir  Charles  Warren  always  hod  his  wire  at  the  head  of  the 
expedition,  and  all  movements  of  troops,  stores,  &c.,  were  carried 
out  by  meims  of  it  j  besides  which  the  amount  of  prii'ate  work 
done  was  very  considerable. 

In  comparison  with  the  Nile  Expedition,  we  had  the  great 
advantage  of  working  with  one  fixed  administration ;  and  here  I 
wish  to  take  this  public  opportunity  of  expressing  my  gralitmJe 
to  Mr.  Sivewright — a  name  well  known  to  this  assembly — who, 
after  a  most  able  career  ia  that  colony,  in  which  he  set  the 
telegraphs  on  a  footing  similar  to  that  in  this  country,  has,  I  nin 
sorry  to  say,  resigned  liia  position,  to  the  great  regret  of  all  \xj» 
friends.  Mr.  Sivewright  helped  me  in  every  possible  way,  and 
by  his  aid  we  were  able  to  work  on  a  simple  system  by  which  all 
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two  delQctimcnts  ouly  as  a  rul«.  Onu  duinchnient  of  twelve  men  can  count 
upon  one  mile  an  hour  of  air  Hue  le1egra|)1i  e veil  under  uufikvouruble  eondl- 
tioni,  and  at  pence  matKBUTrug  as  liigb  a  ipe^d  as  three  mile*  aa  Lour  bM 
been  obta'Ued. — II.  U,  J. 
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messages  taken  by  his  department  were  sent  and  delivpred  over 
my  line,  Lis  department  receiving  the  money,  and  all  messages 
taken  on  my  lines  were  received  by  bis  system,  our  department 
receiving  the  money.  No  cleaj'ing  house  was  required  with  this 
arrangement.  The  only  slight  complication  was  in  regard  to 
cablegrams,  the  cash  for  which  we  bad  to  pay  over  to  the  depart- 
ment the  same  day  as  the  telegrams  were  handed  in. 

I  should  also  like  to  bear  testimony  to  what  General  Webber 
has  stated  of  the  zeal  and  loyalty  of  the  men  who  worked  under 
ns.  I  have  the  great  satisfaction  of  knowing  that  while  messages 
of  the  utmost  importance  were  continuously  passing  along  our 
lines  of  communication,  so  far  as  I  have  heard,  from  the 
beginning  to  the  end  of  the  expedition — a  period  of  nine  months — 
not.  a  single  message  leaked  out.  As  a  proof  of  that  I  may  state 
that  the  sad  news  of  the  fall  of  Khartonm  reached  me  at  Vryburg, 
125  miles  up  our  line,  and  was  read  off  at  several  intermediate 
offices  on  a  certain  day.  Sir  Charles  Warren,  matters  at  that 
moment  being  exceedingly  ticklisli,  was  anxious  that  the  news 
should  not  be  generally  known  for  twenty-four  hours,  and  it  is  a 
great  proof  of  the  trustworthiness  of  the  men  that  this  order  was 
implicitly  obeyed. 

The  line  we  erected,  although  formed  of  temporary  poles  and 
wire,  has  stood  in  the  most  wonderful  way.  We  "jumped  "  holes 
for  all  our  poles,  even  the  15-feet  poles  ;  we  had  no  digging  j  the 
butts  were  tapered  and  tho  holes  jumped.  The  stations  were 
aliout  20  miles  apart,  and  the  linemen  stationed  at  them  had 
standing  iustructions  to  gallop  along  the  line  on  the  occurrence 
of  a  fault  of  a  quarter  of  an  hour'tt  duration,  and  it  was  a  rare 
thing  to  have  a  fault  existing  for  more  than  two  or  three  hours 
at  the  outside.  After  the  telegraph  was  handed  over  to  the  new 
administration,  about  fourteen  men  who  knew  something  of  the 
country  volunteered  to  remain  and  take  charge  of  the  line,  and 
it  has  continued  to  work  as  well  as  ever  it  did.  A  good  income 
is  now  derived  from  it,  and  no  dou"bt  they  will  shortly  be  able  to 
replaoe  their  wooden  poles  by  iron  poles  of  the  Siemens  pattern 
used  in  Cape  Colony  ;  and  I  have  every  reason  to  hope  that  that 
line  will  never  be  removed. 
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I  With  reference  to  our  takings.  They  were  Email  aEd  meigni- 
ficant  compared  with  those  of  the  gigantic  figures  just  read  to 
us,  hut  I  £iin  glad  to  say  that  in  nine  months  we  took  £'1,850  for 
private  messages  alone,  which,  considering  that  it  was  a  desert,  I 
think  was  pretty  good. 

It  has  given  me  great  pleasure  to  hear  the  most  able  address 
of  General  Webber  this  evening,  and,  as  a  brother  officer,  1  con- 
gratulate him  most  warmly  on  his  success. 

Professor  G.  Forbe.s  :  Nearly  every  one  who  has  spoken  this 
evening  up  to  the  present  has  been  present  at  operations  carried 
on  by  oui"  army,  either  in  Egypt  or  other  parts  of  the  world. 
Perhaps  a  few  words  may  be  listened  to  with  patience  from  one 
who  was  not  present  in  Egypt,  but  who  has  seen  something  of 
military  telegraphs  which  may  some  day  be  in  very  close  relation- 
ship with  our  own.  The  subject  of  General  Webber's  most,  in- 
teresting address  has  two  departments  :  one  is  the  exploring  part 
of  it,  as  it  were,  the  establishing  of  the  telegraph  ;  and  the  other 
is  the  working  of  it  when  established.  Concerning  the  latter 
part  I  have  no  experience,  and  nothing  to  say.  Concerning  the 
other  part  1  have  been  very  much  interested  indeed,  and  I  dare 
say  that  the  point  which  interested  me  has  interested  a  good 
many  of  thuse  who  are  here  present,  i.e.,  what  do  we  learn  from  all 
this  as  to  the  position  of  our  military  telegraphs  compared  with 
those  of  other  countries  with  whom  we  may  possibly  come  into 
collision?  Consequently,  while  we  were  listening  to  this  extremely 
interesting  paper,  I  was  comparing  in  my  mind's  eye  what  had 
beeu  done  iu  Egypt  with  what  I  had  seen  done  in  Russia,  because, 
of  all  the  difficult  countries  in  which  we  are  likely  to  have  war  in 
the  future  with  any  foreign  country  which  is  capable  of  using  a 
telegi-aph,  I  think  no  country  is  more  hkely  than  Russia  to  he  the 
one  which  we  shall  meet  on  a  very  formidable  field  so  far  m 
pioneering  difBculties  are  concerned. 

Now  there  were  one  or  two  things  that  struck  me  that  the 
Rus^iians  were  a  little  different  in,  but  about  this  I  could  have  no 
hesitation,  and  I  think  every  one  here  wUl  agree  with  me,  that 
for  indomitable  pluck  in  overcoming  difBculties  where  they  can  be 
orercome  by  the  means  at  disposal,  we  may  thoroughly  back  the 


i 


1886.]  DISCUSSION.  48> 

British  officer  aud  the  British  soldier.  At  the  same  time,  it  may 
be  possible  that  another  country  less  instilled  with  these  instincts 
may  Iiave,  by  its  nature,  a  greater  experience  in  meeting  diffi- 
culties, and  therefore  possibly  greater  forethought  in  preparing 
for  emergencies.  The  first  thing  that  led  me  to  these  comparisons 
was  where  General  Webber  spoke  about  leading  a  wire  across  the 
river  at  Assouan,  a  width  of  a  mile.  I  should  like  to  know,  if 
General  Webber  would  tell  us,  the  nature  of  the  wire  which  was 
used,  I  presume,  from  the  remarks  of  Captain  Bereaford,  that 
perhaps  it  was  hard-dravra  copper  wire.  One  cannot  remember 
the  exact  strain  that  there  would  be  on  a  wire  under  those  con- 
ditious,  but  I  have  bo  distinctly  in  my  mind  a  wire,  in  Russia,  laid 
nnder  almost  exactly  similar  c ire uinstancea,  that  I  cannot  help 
thinking  that  if  Ihe  Russians  had  been  going  to  some  place  in 
Afghanistan  where  there  was  a  possibility  of  such  a  gorge  to  be 
traversed  they  would  have  had  their  wire  ready  for  it.  The  place 
where  I  mean  is  at  Krasnoyarsk,  in  Siberia,  where  a  telegrajjh  wire 
crosses  the  Yenisei,  a  distance  a  good  dt-al  over  a  mile,  and  with 
an  island  in  the  middle.  To  the  best  of  my  recoUeetion  the  wire 
touched  on  the  island,  but  of  course  the  strain  would  be  the 
same,  except  that  the  effect  of  the  wind  would  be  different. 
Another  point  that  I  was  much  striick  with  was  the  fact  of  there 
being  no  mention  (or  I  missed  it  if  there  was)  of  light  field 
telegraphs,  which  were  spoken  of  as  being  used  in  Bechnanalatid. 
The  imjiortance  of  this  is  very  great  indeed,  and  I  know  perfectly 
well  that  the  field  telegraph  is  used  by  our  army;  but  if  I  under- 
stand rightly  that  light  field  telegraphs  were  not  used  in  the 
Nile  Expedition,  it  seems  as  surprising  as  that  there  were  no 
telephones, 

A  statement  was  made  by  Captain  Beresford  that  in  the  Soudan 
Exjiedition — I  suppose  that  was  a  light  field  telegraph — for  the 
first  time  a  Euro[)ean  army  hrouglit  a  telegraph  wire  into  the 
field  of  action.  Now  I  incline  to  think  that  this  is  not  quite 
correct.  I  was  present  with  General  Loris  Melikoff  at  the  time 
of  an  attack  on  Mukhtar  Pacha  in  1877  (when  Mukhtar  Pacha's 
array  was  encamped,  I  mean,  on  the  flanks  of  the  mountain 
Aladja  dagh,  close  to  Kars),  when  he  sent  out  my  fri«nd  Geuft'ra.V 
vol..  .\n;  32 
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LazaiefT — with  whom  I  had  n  long  intercourse  on   a  sepontA 
expedition— to  turn  the  position  to  ]ire|»are   for  attack  on  the 
morrow,  and  General  Lazareff  took  a  field  telegraph  with  him  on 
the  march ;  and  not  only  then,  but  on  several  occasions,  I  have 
seen  the  Russian  array  paying  out  this  field  telegraph,  not  at  tie 
rate  of  sLs  miles  a  day,  which  has  just  been  si>oken  of  as  done  in 
Bechuanaliind,  but  at  two  miles  per  hour,  telegraph  ]K>les  and 
everything  required.  I  saw  this  in  Armenia,  and  on  the  Black  Sea 
cooet  in  Abkhasia,  so  that  I  should  like  to  have  a  little  more 
infonnation  from  General  Webber  as  to  the  field  telegraph  and 
the  rapidity  of  bringing  the  telegraph  into  action.     By  the  bye, 
the  bringing  of  that  telegraph  into  action  by  General  Lozareff 
was  really  supposed  to  have  had  very  serious  irajjortance  in  the 
operations  of  the  next  day,  which,  as  every  one  will  remember, 
eventuated  in  the  flight  of  Mukhtar  Pacha  and  his  army,  and 
eventually  in  the  taking  of  Kars.     I  hope  that  as  a  matter  of 
fact  we  are  as  thoroughly   ready  as  the  Russians  to  enter  an 
unknown  and  unexplored  country,  and  to  meet  every  poesiWe 
difficulty  which  may  occur  in  the  way ;  but  I  know  from  personal 
experience,  having   been  in   nearly  every  part  of  the   itasdan 
empire,  of  the  enormous  struggle  for  existence  in  Russia,  and  the 
consequent  power  of  getting  over  difficulties  and  of  constant 
passive  endurance,  as  well  as  anything  else,  which  we,  from  want 
of  practice,  have  not  got   used  to  to  bo   great   an   extent.    ,\ 
Russian  from  the  day  he  is  bom  must  be  a  hardy  fellow  j  if  he  is 
able  to  stand  his  first  year  of  baby  life,  from  that  year  he  is  very 
tough,  and  can  endure  almoat  anything  for  the  rest  of  bis  Itfa; 
and  so  in  a  country  like  that,  where  a  thousand  miles  is  thought 
a  mere  trifle,  where  one  drives  a  thousand  miles  as  easily  as  we 
do  a  hundred,  the  difficulties  such  as  those  which  are  often  mere 
difficulties  of  distance  are  comparatively  small.     I  shall  be  ve^ 
pleased  if  General  Webber  can  assure  us  of  oiu-  having  made  at 
careful  preparations  for  unknown  contingencies,  for  that  is  the 
real  thing,  in  case  of  our  being  comi>elled  to  undertake  a  war  in 
a  thoroughly  difficult  and  unknown  country. 

Capt.   Brkesford,   R.E. :    As   regards    the    telegraph    being 
brought  into  the  fighting  line,  what  I  mean  is  the  shooting  line; 
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not  only  into  the  area  of  a  battle,  but  aetoally  into  the  line  of 
fighting  men.  It  was  rforked  within  three  feet  of  men  fighting, 
and  Major  Turner  was  as  nearly  as  jwissible  speared,  and  his  horse 
was  killed. 

Profeaaor  Kohbes  :  I  am  glad  the  honour  ia  with  our  conntry. 

Lieut.-Col.  Hamilton,  R,E.  :  With  regard  to  Professor  ForbeaV 
remarks  as  to  the  rapidity  of  putting  np  the  field  telegraphs, 
mentioned  by  Major  Jelf  as  being  only  at  the  rate  of  bLt  miles  a 
day,  I  would  remark  that  that  waa  the  rate  when  moving  with 
troops  on  the  line  of  march;  but  the  actual  manipulation  of 
puttiugup  a  field  telegraph  line  on  jwlescan  he  done  by  the  Royal 
Engineers  Telegraph  Battalion  at  the  rate  of  three  miles  an  hour 
under  favourable  circumstances. 

The  President  invited  General  "Webber  to  reply  to  the  obser- 
vations made  upon  his  paper. 

Major-General  Webber,  C.B.  :  It  has  been  with  great  pleasure 
that  I  have  heard  Major  Jelf  and  Captain  Beresford  addresa  this 
meeting.  I  only  regret  one  thing,  and  that  ia  that  they  have 
jierhaps  told  us  to-night  that  which  may  prevent  them  on 
some  other  occasion  considering  it  necessary  to  give  us  a  more 
lengthy  account  of  their  operations  in  Bechuaualand  and  at 
Souakim.  I  can  only  deprecate  any  such  prevention,  and  ho]»e 
that  they  will  put  their  pens  to  paper  for  the  edification  of 
our  Society  and  our  guests  as  soon  as  they  can. 

A3  regards  Professor  P'orbes's  remark  about  the  span  at 
Asaouan.  In  my  baste  I  probably  touched  upon  that  point  too 
lightly,  and  did  not  explain  the  situation  quite  enough.  That 
span  was  not  put  np  by  the  Military  Telegraphs,  but  by  the 
Egyptian  Administration.  It  was  a  No.  8  wire,  and  obvionsly  a 
wire  with  a  mile  span  and  330  feet  sag  could  not  do  anything 
else  but  break.  It  was  possible,  of  course,  on  such  a  span  for  a 
really  hard-drawn  piece  of  wire  to  be  suspended  and  strengthened 
towards  each  support.,  but  the  sag  would  be  something  very 
different  to  what  was  attempted  on  that  occasion. 

As  to  Professor  Forbes's  reference  to  the  work  of  the  Russian 
army  telegraphs  under  General  L^areff,  when  he  was  turning 
the  flank  of  Mukhtar  Pacha,  an  a.ccount  ot  t\iat  o-jc.-re.'Ovo'a.  nj'w. 
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given  by  me  at  the  United  Service  Inatitiition  in  1878.  I  tliink 
it  is  one  of  the  most  interesting  examples  of  the  work  of  a  field 
telegraph.  If  it  was  built  at  the  rate  of  two  miles  an  hour,  it  is 
proof  that  that  rate  was  confined  to  the  distance  over  wliich  the 
army  was  marched.  I  forget  now  in  what  time  the  flank  move- 
ment was  made,  but  certainly  it  was  a  most  brilliant  operatioD, 
and  no  doubt  the  accuracy  of  the  Russian  geneml's  simultaneous 
attack  on  the  Turks  was  largely  due  to  the  existence  of  the  field 
telegi-aph. 

As  regards  working  in  difficult  countriea,  I  think  that  Pro- 
fessor Forbes  may  be  reminded  that  the  telegraphs  of  the 
Britisli  Army  liave  worked  in  the  past  in  the  Crimea,  in  China, 
in  all  parts  of  India  and  its  frontiers,  in  Abyssinia,  in  Ashantee, 
and  in  South  Africa.  Colonel  Hamilton,  who  is  present, 
remembers  one  of  those  campaigns,  and  knows  what  the  work 
was  like ;  and  therefore  I  hope  that  Professor  Forbes  will  allow 
that,  like  the  Eussians — who  have  a  very  varied  experieoce  o 
different  countriss — we  also  have  experience,  one  which  some  of 
us  may  have  the  joy,  if  I  may  be  allowed  to  say  so,  of  utilising 
one  of  these  days,  when  England  shall  fight  Kussia  on  her  own 
ground. 

The  Phesihent:  Gentlemen,  I  will  now  ask  you  to  give 
General  Webber  a  hearty  vote  of  thanks  for  his  most  interesting 
paper.  It  is  most  gratifying  to  us  as  telegraphists  to  hear  that 
our  branch  of  the  science  is  making  itself  so  useful  and  doing 
such  excellent  service  at  seats  of  war ;  and  from  the  remarks  made 
by  the  various  speakers  it  is  quite  evident  that  the  grealesi 
credit  is  due  to  General  Webber  and  those  gentlemen  who  haw 
had  charge  of  this  expedition,  as  well  as  to  those  who  assisted  them. 
I  will  ask  you  to  let  your  vote  of  thanks  include  also  thote 
gentlemen  who  have  taken  part  in  the  discussion. 

The  proposition  was  heartily  carried. 

The  meeting  then  adjourned  until  Thursday,  November  26tl. 
1885,  when  a  paper  was  announced  to  be  read  by  Professor  J.  A. 
Fleming  on  "  The  Necessity  for  a  National  Standardising  Labon- 
torv  for  Electrical  Instruments." 
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At  a  ballot  whioli  took  place  after  the  Extraordinary  General 
Meeting  held  on  June  11th,  1883,  the  following  were  elected : — 

Foreign  Members: 
Saitaro  Oi.  |  H.  Renisch. 

AsBoHates: 
E.  J.  Sacock.  I  Ebenezer  Stiff. 

Student: 
H.  T.  Rutter. 
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The  One  Hundred  and  Forty-mnfh  Ordinary  Genera!  Sleeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineer^ 
25,  Great  George  Street,  \\'estminBter,  on  Thursday  evening, 
26th  November,  1885— C.  E.  Spagnoletti,  Esii.,  MJ,C.E^ 
President,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

Donations  to  the  Library  were  announced  as  ha\ing  been 
rewived  from  the  Smithsonian  Institute  and  Dr.  D.  Tommasi, 
to  whom  the  hearty  thanks  of  the  meeting  were  duly  accorded. 

The  following  paper  was  then  read  i — 

ON  THE  NECESSITY  FOR  A  NATIONAL  STANDARHISLVG 
LABOKATORY  FOE  ELECTRICAL  INSTRUMENTS. 

By  J.  A.  Flemino,  M.A.,  D.Sc.,  Member. 

"If  every  scientiflo  inquirer  observed  only  tot  liis  owa  BBtiafaptiou, and 
reasoned  only  oa  tiia  own  observatious,  it  wuald  ha  of  little  iiaportance  wbj' 
BMiudaiils  Ll-  useil,  or  wlmt  coolrivances  (it  only  just  one*)  lie  employed  (or 
this  purpose  ;  but  if  it  be  intended  (as  it  is  most  importiLut  they  iliouldj  thai 
observations  ouee  made  sliauld  remain  as  records  to  nil  m.-in kind  and  loiU 
posterity,  it  is  evidently  of  the  highest  consequence  that  all  inquirer*  ihoolil 
agree  on  the  use  of  comaion  staudorda,  and  that  these  should  not  be  liable  lu 
change  by  lapse  of  time. 

"  L'nltss  ne  transmit  to  posterity  the  units  ot  our  measurement*,  mich  ai 
ive  nUTBv'lves  have  used  them,  wc  in  tact  only  halt  bequeath  to  them  oat 
observations.  This  is  a  point  too  mnch  lost  sight  ot,  and  it  were  much  to  Iw 
wished  that  some  direct  provisioa  tor  so  important  an  object  were  made,"'- 
Sir  John  HsBScniL. 

In  the  above  quotation  from  his  famous  "  Discourse  on  the 
Study  of  Natural  Philosophy,"  Sir  John  Herschel  gives  emphatic 
and  elegant  expresaion  to  the  general  idea  which  it  is  proposed  in 
this  paper  to  consider,  with  special  reference  to  the  quautitati^'f 
study  of  the  sciences  of  electricity  and  magnetism,  and  especially 
with  reference  to  the  world-wide  practical  and  industrial  appli- 
cations of  them,  in  which  the  employment  of  accurate  measure- 
ment forms  the  basis  of  all  success. 
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The  early  pioneers  in  the  region  of  electric  measurement 
arbitrarily  selected  their  own  standards  and  units  of  comparison. 
Cavendish  possessed,  as  we  now  know,  a  complete  set  of  electro- 
static condenserii,  or  standards  of  capacity,  whose  vkIul'S  he 
expressed  in  "  globular  inches,"  or  in  terms  of  the  capacity  of  a 
sphere  one  inch  in  diameter.  He  also  expressed  what  he  called 
"degree  of  electrification,"  or,  in  modern  language,  "electrostatic 
potential  difference,"  in  terms  of  certain  deflections  of  idiostatio 
electroscopes  of  the  kind  known  aa  ilenley's.* 

AVTieatstone  espressed  the  results  of  his  investigations  on 
electric  conductivity  in  tenns  of  a  certain  copper  wire,  one  foot  in 
length,  and  weighing  100  grains.t 

Jacobi  employed  a  similar  standard,  called  "  Jocobi's  Etalon," 
which  was  a  certain  copper  wire  22'4932  grammes  weight,  7'61975 
metres  long,  and  -667  millimetres  diameter ;  copies  of  wliich  were 
made  and  dejiosited  in  various  places,  X 

And  before  the  introduction  of  the  units  of  the  British 
Association  system,  based  on  the  absolute  system  of  Weber 
and  Gauss,  nnjts  such  as  the  Daniell's  cell  and  a  mile  of  No.  16 
B.W.G.  cojjper  wire  were  common  standards  for  practical  use. 
\\*e  have  now  passed  out  of  the  period  when  the  quantitative  study 
of  electricity  is  confined  to  the  laboratory  and  the  technical  school. 
The  physical  quantities  there  dealt  in  are  now  actualities  affecting 
public  convenience  and  life  as  much  as  the  yard  measure  or  the 
imperial  pint.  The  physical  realities  of  which  these  measures  are 
the  expression,  however,  are  no  longer  the  subject  simply  of  philo- 
sophic discussion,  but  enter  into  important  operations  afl'ectJng 
seriously  public  welfare.  An  amount  of  electric  energy  is  now  as 
marketable  a  commodity  as  a  loaf  of  bread,  and  is  aa  much  the 
subject  of  purchase  and  sale  as  a  barrel  of  beer  or  l,O0O  cubic  feet 
of  gas.  This  being  the  case,  a  very  important  consideration  rises 
into  view. 

•  "TtiH  Electricul   Researches  of   Eeniy  CaveniliBli,"    edited   by  Clerk 

Maxwell,  introducLioD,  p.  xxx  -,  p.  279,  »i  loq, 

t  "^S'lleHtgto□e'■  Sciuntiflc  Papert,"  repriatod  by  tlie  Pbyaical  Society  of 
Lvndon,  p.  110. 

X  Uaxwell'i  treatise  on  "Electricity  and  Hagnstiam,'*  vol,  i.,  p.  427, 
woond  edition. 
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If  an  explorer  is  Hlarting  on  an  expedition  or  voyage,  he  does 
not  content  himself  merely  with  the  purchase  of  a  chronometer  ora 
sexLaut  from  an  eminent  maker  as  affording  him  jierfect  certainty 
of  obsen'ation.  He  sends  the  instrument  to  Greenwich  or  to 
Kew,  and  obtains  a  careful  comparison  with  the  best  authoritative 
standards;  and  the  Kew  certificate  of  a  thermometer  is  an  essential 
accompaniment  of  every  instrument  to  be  applied  to  accurate  re- 
search. We  do  not  in  these  cases  feel  satisfied  to  rely  on  the  fact 
that  the  instrument  has  proceeded  from  the  workshop  of  some 
well-known  manufacturer.  We  can  obtain,  by  the  payment  of  a 
fee,  an  independent  statement  and  table  of  errors  made  by  com- 
parisons with  the  very  best  standards  of  comparison  which  human 
skill  and  knowledge  can  possibly  construct.  But  with  the  excep- 
tion of  a  beginning  wliiuh  has  been  made  in  this  direction  at  the 
Cavendish  Iiaboratory,  Cambridge,  tbere  are  no  corresponding 
facilities  whatever  for  placing  a  hall-mark  of  efficiency  upon  an 
electrical  instrument  intended  for  measurement.  Every  month, 
hundreds  of  instruments  are  being  made  for  the  measurement  of 
current,  electro-motive  force,  capacity,  resistance,  and  [xjwer,  of 
which  we  have  no  other  guarantee  of  their  reliability  than  the  con- 
fidence we  may  happen  to  re^iose  in  the  reputation  of  their  maker. 

Those  who  have  time  and  facilities  at  their  command,  and,  above 
all,  the  necessary  knowledge,  do,  no  doubt,  abundantly  test,  the 
instruments  they  work  with,  and  satisfy  themselves  as  to  the  cor- 
rectness they  require ;  and  the  knowledge  of  what  inst  rumente  may 
be  depended  u^Kin  does,  no  doubt,  to  some  extent  filter  downwards 
and  become  a  sort  of  oral  tradition.  But  tlie  fact  remains  that 
the  process  of  midtiplying  standards  and  issuing  measuring  instru- 
ments is  subject  to  no  otlier  control  than  the  jiains  which  mav 
happen  to  be  taken  by  those  who  actually,  witli  their  own  hands, 
make  and  test  these  instruments. 

It  is  very  difficiJt  for  any  one  to  learn  what  is  the  exact  degree 
of  accuracy  or  pains  which  baa  been  taken  in  the  first  realisation 
of  the  standards  and  instruments  possessed  by  each  maker,  and  of 
which  those  issued  to  the  public  are  approximate  copies.  There 
ie  no  one  to  insist  that  any  one  who  takes  upon  himself  to  issue 
to  the  world  electric  current  meters  shall  have  taken  any  more 
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pains  than  he  likes  in  the  construction  of  the  standard,  or  the 
selection  of  the  process  which  fumtsbcB  him  with  the  estimate  of 
what  is  one  ampere  of  electric  current.  It  is  not  open  to  any  one 
to  have  independent  views  on  what  constitutes  18-carat  gold  or 
proof  spirit.  The  proper  authorities  in  this  case  step  in  and 
certify  to  the  correctness  or  incorrectness  of  these  views.  But, 
judging  by  the  results  of  experience  on  multitudinous  instruments, 
there  are  a  very  large  number  of  different  views  as  to  amount  of 
current  or  electric  pressure  which  it  is  proper  to  call  an  ampSre 
or  a  volt,  and  in  this  case  there  is  no  court  of  appeal,  and  no 
goldsmiths'  hall  nor  escise  office,  to  be  the  umpire  in  case  of 
dispute, 
P  The  wide  diffusion  of  Greenwich  time  makes  it  comparatively 
easy  to  recover  in  any  place  in  the  kingdom  the  mean  solar  second. 
The  not  very  difficult  task  of  testing  a  good  balance,  and  the 
process  of  double  weighing,  enable  comparisons  of  mass  to 
be  made  with  weights  which  can  be  checked  against  Board  of 
Trade  standards  ;  whilst  the  extensive  use  of  the  standard  gauges 
of  Sir  Joseph  Whitworth  makes  the  measurement  of  dimension  in 
a  common  unit  a  matter  of  very  general  custom.  Although, 
however,  the  identity  of  unit  in  the  case  of  the  fundamental 
measurables  is  very  fairly  exact,  there  is  a  large  gap  yet  to  be 
filled  before  the  practical  measurement  of  electricity  obtains 
anything  like  Ihe  same  universal  exactness  as  mass,  length,  and 
time.  We  must  not  in  this  matter  allow  ourselves  to  be  led  away 
by  phrases  and  words,  and  assume  t.hings  to  be  equal  merely 
because  they  are  called  by  the  same  name.  It  cannot  be  too 
carefully  borne  in  mind  that  the  value  of  Gauss's  so-called  absolute 
system  is  in  enabling  theoretical  calculations  to  be  made  without 
the  use  of  a  multiplicity  of  constants ;  and  the  value  of  the 
British  Association  system,  which  aims  at  making  the  practical 
units  as  nearly  as  possible  decimals  of  these,  is  in  enabling  rough 
calculations  to  be  made  without  other  constant  factors  than  unity 
and  powers  of  10.  But  since  the  actual  standai"ds  are  not  equal 
to  the  theoretical  standard)?,  we  come  back  to  this  position  :  that 
alt  standards  now  in  use  are  just  as  arbitrary  as  Cavendish's  or 
Wheats! one's,  and  as  a  practical  thing  it  is  even  of  more  importance 
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that  we  sboald  all  work  from  the  same  physical  standards  than 
that  the  divergence  of  these  from  the  theoretical  unitB  should  be 
accurately  known.  Most,  people  are  beginning,  for  instance,  to 
see  that  no  great  practical  result  was  effected  by  the  Pariti  Congress 
in  changing  the  unit  of  resistance  &om  the  mean  B.A.  standar^H 
to  the  new  legal  ohm.  The  classical  labours  of  Lord  Rayleigh 
and  those  associated  with  Mm  had  already  determined  the  proper 
relation  of  the  mean  of  the  fourteen  British  Association  standards 
of  resistance  to  the  centimetre  and  the  mean  solar  second,  and 
that  alone  was  sufficient  for  the  reduction  of  observations  to 
absolute  measure;  and  theresults  have  been  substantially  confirmed 
by  Rowland  in  America.  The  introduction  of  a  whole  fi'esh  set  of 
copies  of  a  unit  differing  about  1  per  cent,  from  the  mean  B.A^| 
unit  baa  resembled  the  effect  of  introducing  a  fresh  yard  measure 
abouf.  ^rd  of  an  inch  larger  than  the  old  yai-d,  so  that  the  questio: 
would  always  have  to  be  asked,  What  yard  do  you  mean  ? 

The  absolute  value  of  the  practical  units  is  of  no  more  ci 
sequence  than  the  relation  of  the  mfitre  to  the  earth's  meridiani 
quadrant..      Tlie   actual   standard   of  length,  as  defined   by  t 
French  Government  on  the  2nd  November,  1801,  ia  the  distaa* 
between  two  points  on  a  platinum  bar  at  0°  centigrade,  and 
lO"'  X  an  earth  quadrant. 

The  actual  standard  of  mass  is  the  standard  platinum 
gramme  des  archives  made  by  Borda,  and  not  the  mass  of 
cubic  decimetre  of  pure  water  at  4°  centigrade,* 

In  his  report  to  the  Royal  Society  on  the  work  of  the  Britis: 
Association   Committee    of    1861    on    Electrical  Standai-ds,   t 
late  Professor  Fleeming  Jenkin  urged  these  considerations  wi 
great  forte  and  clearness.     He  says,  referring  to  Jacobi if  " H( 

•  The  unit  of  maea  in  this  coontry  is  deBneil  by  Iha  Act  of  Parlianen^ 
18  and  19  Vict.,  c.  72,  Jnly  30th,  lS5i5,  to  tie  a  picceof  platinum  markuJ  '■  1'. ! 
18M,  1  lb.,"  ilepoBiied  in  the  ofKce  ot  the  Exchequer,  wbich  "ihull  be,  and  be 
danominateil,    tbo    imperial    standard    pound    avoirdupois."       One     seven. 
tliouBandlh  part  of  this  pound  is  the  grain.    The  French  standard  of  maat 
the  kilogramme  des  archives  made  by  Borda.     Professor  Millsr  found 
kilogramina  cqnal  to  15132'34S74  grains.    These  principal  standard*  are  not 
deposited  in  the  Standards  Office  of  the  Board  of  Trade. 

-f  CompU-i  Rendus,  1881,  vol.  xxxlii.,  p.  277.     Also  see  "Eeports  on  Ele 
(ricaJ  SfandHrds,"  edited  by  Tleenuuft  3eTiteu,liOTxdQQ,1878, 
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poiuted  out  with  great  justice  that  the  mere  defiiiit.ion  of  the 
gtftndard  used  as  a  given  length  and  weight  of  wire  was  insuffi- 
cient, and  that  good  copies  of  a  standai'd,  even  chosen  at  randimi, 
would  be  preferable  to  the  reproduction  in  one  laboratory  of  ii 
etandard  prepared  and  kept  in  another." 

Now  what  is  true  of  a.  standard  reproduced  is  also  true  to  a 
certain  extent  of  uncertified  copies  of  standards,  and  copies  of 
standards  whose  pedigree  is,  so  to  speak,  unkno\m.  We  are 
depending  on  the  exactness  of  comparisons  made  by  unknown 
I>er3ona  iu  various  workshops  for  the  multipUcalion  of  working 
test  instruments  and  units,  and  not,  as  should  be,  upon  certified 
values  attached  to  these  copies  after  comparison  by  authorised 
observers  with  one  single  standard — observers  who  have  no 
other  interest  than  that  of  making  this  comparison  as  accurately 
as  possible. 

The  work  of  the  British  Association  Committee  abolished  the 
multiplicity  of  arbitrary  units,  and  substituted  a  common  agree- 
ment as  to  the  magnitudes  to  be  represented ;  but  electric  science 
has  advanced  by  such  leaps  and  bounds  that  what  was  twenty 
years  ago  a  marvellous  unity  is  now  known  to  admit  of  far  greater 
approximation  towards  perfection.  And  this  discrepancy  between 
instruments  and  standards  is  by  no  means  a  small  matter.  Con- 
sider it  for  one  moment  fi'om  the  standpoint  of  pure  science.  We 
rely  for  the  ultimate  testing  of  oar  theories  of  natural  operations 
upon  the  comparison  of  the  results  of  theory  with  those  of  esjieri- 
ment.  The  most  conxincing  of  those  agreements  arise  out  of 
concordant  experimental  results  arrived  at  by  different,  methods. 
Unless  there  is  absolute  certainty  upon  the  physical  identity,  and 
not  merely  nominal  identity,  of  the  units  used,  it.  is  most  difficult 
to  place  alongside  the  experimental  results  of  different,  observers 
in  different  countries  with  perfect  confidence  that  they  are  dealing 
with  identical  magnitudes.  Agreements  or  differences  may  thus 
be  covered  up  which,  if  revealed,  would  be  suggestive  for  fresh,  and 
perhaps  valuable,  work.  Consider  it.  again  from  tlie  point,  of  view 
of  applied  science.  It  is  remarkable  that  the  industrial  applica- 
tions of  electrical  science  have  forced  into  existence  a  stondard 
of  accuracy  far  greater  than   would  ever  be  attained  in  mere 
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laboratory  work.  It  ia  b  mistake  to  suppose  that  measurementa 
in  practical  and  commercial  work  are  less  exact  than  those  under- 
taken for  purely  scientific  purposes.  It  was  the  attempt  to  make 
submarine  telegraphy  a  commercial  success  which  forced  and 
demanded  an  accuracy  in  the  measurement  of  electrical  resistance 
and  capacity  never  before  desired;  and  it  is  electric  lighting 
which  has  deveIo]ied  a  corresponding  necessity  for  accuracy  in  the 
measurement  of  current  strength  and  electro-motive  force.  And 
applied  science  has  paid  back  with  interest  the  demands  thus  made 
on  the  abstract  and  pure  science  for  assistance.  Owing  to  the 
exactness  of  the  measurement!)  thus  demanded  we  know,  for 
instance,  more  about  the  flow  of  electricity  in  conductors  firom 
the  everyday  phenomena  of  submarine  cables  than  could  have 
been  obtained  in  half  a  century  of  study  of  laboratory  effects. 
And  it  behoves  those  who  have  the  interests  of  pure  science  at 
heart  to  see  that  tribute  is  exacted  from  the  countless  operations 
of  industrial  science,  by  making  its  measurements,  undertaken  in 
practical  operations,  readily  available  for  the  uses  of  theoretical 
science.  And  in  no  way  can  this  be  done  except,  by  the  earnest 
e£Fort  to  obtain  and  enforce  the  highest  possible  accuracy  and 
unity  in  commercial  measurements,  based  Upon  and  referred  to 
known  and  common  standards. 

Assuming  now  that  enough  has  been  said,  even  if  anything 
need  be  urged,  to  show  that,  some  provision  should  be  made  to 
meet  the  need,  the  next  r^uesfion  arises.  How  is  it  to  be  dome? 
And  the  solution  of  the  problem  I  am  about  to  ask  you  to  con- 
sider is,  that  it  will  best  be  obtained  by  the  establishment  of  a 
national  standardising  laboratory  for  electrical  teat  instruments. 
Let  me  give  you,  in  the  first  place,  a  sketch  of  what  seems  to  me 
should  be  the  constitution  and  work  of  such  an  institution  ;  next 
consider  what  should  be  it^s  relation  to  existing  corporations  or 
institutions ;  and,  lastly,  how  it  should  be  set  on  foot. 

Passing  for  the  moment  over  the  question  of  ways  and  means, 
let  us  assume  that  somewhere  or  other  in  the  neighbourhood  of 
London  suitable  premises  are  acquired,  fitted  with  the  usual 
arrangements  of  a  physical  laboratory. 

It  sliould  be  on  ground  not  liable  to  vibration,  convenient  of 
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■access,  and  in  telegraphic  commani cation  with  the  observatories 
lof  Greenwich  and  Kew.     Let  us  assume  that  such  &  place  is 

provided  with  auch  fundamental  standnrd  instruments  as  a  clock 
regulated  from  Greenwich,  with  balances  of  the  best  description, 
and  with  carefully-tested  standards  of  mass;  mth  such  inatni- 
ments  as  a  cathetometer,  standard  gauges,  standard  measure-B  of 
length,  and  the  most  approved  forms  of  spherometers,  calhpers, 
and  micrometers,  for  the  fundamental  measurements  of  mass, 
length,  and  time.  We  will  assume,  further,  provision  is  made  by 
a  dynamo  at  some  distant  place  for  8U])plying  secondary  batteries 
as  a  source  of  current  and  electro-motive  force.  The  next  step 
would  be  to  design  and  construct  instruments  for  the  various 
Btandai-dising  operations. 

In  the  worlt  of  designing  these  one  especial  consideration 
would  be  to  obtain  the  advice,  and  perhaps  assistance,  of  those 
scientific  men  who  in  each  case  are  known  to  have  made  a  s|>ecial 
study  of  that  class  of  measurement. 

Nothing  ought  to  be  done  without  a  general  consensus  of 
opinion  on  the  part  of  those  best  fitted  to  judge  of  the  form  such 
standard  instrument  should  take. 

It  would  be  necessary  to  obtain  the  assistance  both  of 
experimentalists  and  mathematicians  in  those  cases  where  cal- 
culations are  necessary  to  convert,  the  observed  instrumental 
Indications  into  absolute  measure.  If  wo  assume  that  it  is 
possible  to  do  this,  and  that  such  work  is  done  once  for  all  in 
designing,  computing  for,  and  setting  up  such  instnunente  an 
«a  absolute  gravity  electrometer,  or  a  gravity  voltmeter  on 
Sir  W.  ThomsoTj's  jjlan,  or  a  current  weighing  Ixilance  and  coils  on 
Lord  Uayleigh's  method,  then  ever  afterwards  the  measurement 
of  a  difTerence  of  ijotential  or  a  current  in  absolute  measure  is 
reduced  to  simply  weighing  a  certain  attraction,  and  assuming 
gravity  to  be  constant,  a  permanent  standard  of  reference  is 
obtained. 

If  galvanomelric  methods  are  adopted,  or  galvanometers  haT» 
to  be  tested,  provision  would  have  to  be  made  for  the  constant 
record  of  terrestrial  magnetic  force. 

In    any    case,    however,    the    routine    operations  could    ha 


496 


NATIONAL  8TANDABDISIN0  LABOBATOEY      pToT.  UOi. 


I 


I 


performed  by  caxeful  observers,  who  need  not,  however,  be  enp- 
posed  capable  of  conducting  either  the  calculations  in  the  finrt. 
place  or  the  construction  of  the  standards. 

The  plan  consists,  therefore,  in  having  permanently  available 
the  apparatus  emiiloyed  by  those  experimentalists  whose  methods 
have  commanded  the  greatest  confidence  from  all  who  are  fitted 
to  appraise  them.  It.  is  hardly  necessary  here  to  enter  into  a 
full  discussion  of  what,  methods  would  best  be  employed  in  the 
construction  of  permanent  apparatus  of  the  best  and  most  solid 
character  for  the  comparison  with  the  most  carefully  constructed 
standards  of  resistance,  capacity,  electro-motive  force,  self-induc- 
tion, electric  power,  and  current  strength  and  quantity.  The 
British  Association  Committee  on  Electrical  Standards  includea 
the  names  of  most  who  have  directed  attention  to  electrical 
measurement,  and  these,  witli  the  addition  perhaps  of  other 
names,  would  form  an  advising  board  whose  opinion  would  be 
sought  and  taken  on  the  best  methods  to  be  adopted  in  setting 
up  flucli  permfinent.  standard)*.  Now,  such  opinion,  embodied  in 
facts,  could  not  fail  to  command  general  confidence;  and  if  this 
can  be  created,  and  the  necessity  for  following  its  advice  felt,  ib 
might  come  in  a  short  time  to  be  generally  appreciated  that 
instruments  and  standards  would  have  additional  value  by  having 
been  certified  as  compared  with  these  permanent  stimdai-ds,  and 
a  moderate  fee  sufficient  to  cover  expenses  of  such  certificate 
would  probably  he  no  more  grudged  in  the  case  of  current  or 
ampere  meters  than  it  is  in  the  case  of  thermometers.  Up  to  the 
present  time  this  ha3_  only  been  attempted  with  resistance  coils. 
The  British  Association  Committee  on  Electrical  Standards  have 
arranged  that  units  of  resistance  can  be  compared  at  Cambridge 
with  the  units  there  preserved.  Wliat  we  are  desiring  is  im 
extension  of  this  to  other  electrical  instruments,  and  no  provision 
lias  as  yet  been  made  for  that.  What  has  first  got  to  he  done  is 
to  wake  up  the  attention,  not  of  highly  trained  and  competent 
electricians  such  as  the  members  of  tliis  Society,  but  the  electric 
public  generally,  who  are  in  every  direction  beginning  to  use  and 
demand  instruments  for  the  necessary  measurements. 

The  neceseity  for  this  genQittY  a^teuUou  to  the  tyieation  is  fiff 
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more  urgent  now  than  it  was  tlve  years  ago.  Ten  years  ago 
hardly  anyone  had  ever  seen  a  direct-reading  instrument,  and 
such  commercial  measurement  as  was  done  in  telegraphic  work 
was  in  the  hands  of  competent  elettriuians,  who  were  quite  alive 
to  the  advantages  and  necessity  of  unity  in  measurement,  and 
vfho  strove  to  attain  it  to  the  best  of  their  ability.  But  the  case 
is  widely  different  now.  If  it  is  possible  to  arouse  a  general 
public  sense  concerning  the  advantages  of  such  independent 
standardising,  it  might  not  be  an  imimssible  task  to  set  on  foot 
the  proper  organisation,  and  no  body  is  so  competent  or  so  well 
able  to  create  this  opinion  as  the  Society  of  Tele  graph- Engineers 
and  Electricians. 

In  doing  this  we  shall  only  be  supplementing  and  extending 

"the  work  of  the  British  Atisoeiation  Committee  on  Electrical 
Standai-tls.  This  committee,  which  has  now  sat  continuously  for 
24  years,  has  accomplished  work  which  ia  an  enduring  monument 
to  British  science,  and  if,  in  extending  it  by  the  foundation  of  a 
national  standardising  laboratory,  the  same  unity  is  effected  in 
commercial  and  general  work  which  the  committee  effected  in 
scientific  measurement,  it  would  certainly  be  found  that  other 
countries  would  follow  suit,  and  that  England  had  again  takeu 
the  lead  in  a  matter  of  extreme  importance.  One  objection  may 
be  raised,  namely,  that  it  would  be  impossible  to  standardise 
instruments  which  by  the  very  principle  of  their  construction 
were  liable  to  change,  and  that  a  certificate  of  efficiency  might 
be,  in  this  case,  even  misleading.  The  best  way  to  meet  the 
difficulty  would  he  to  complete  the  standardising  in  stages, 
allowing  the  owner  to  have  back  the  instrument  in  between  and 
use  it.  If  then  the  scale  errors  were  found  to  be  different  each 
time,  it  would  call  tlie  attention  of  the  user  to  the  non- 
permanence  of  the  value  of  the  scale  readiTigs,  Also  some  note 
of  caution  might  be  marked  on  the  certificate  as  to  the 
circumstances  under  which  the  instrument  was  liable  to  be  in  error. 
Jly  object  is  not,  however,  to  enter  into  details,  but  to  throw 
down  general  principles  for  your  consideration. 

I       Next  let  me  draw  attention  to  two  other  uses  to  which  such  a 
laboratory  could  be  put. 
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First,  the  testing  of  electric  materials.  If  anyone  wishee 
to  buj  iron  ore  or  caustic  soda,  there  are  numerous  laboraloriw 

to  whith  he  can  Bend  a  sample  and  get  the  analysis  certificate 
by  the  payment  of  a  moderate  fee.  There  is  no  corresponding 
institution  to  which  a  sample  of  insulated  copper  wire,  a  sample 
of  iron,  or  a  sample  of  gutta-percha,  can  be  sent  to  obtain  a 
certificate  of  its  electrical  qualities.  Large  firms  and  companies 
no  doubt  do  this  for  themselves,  but  there  is  an  immense 
quantity  of  private  work  being  done  which  I  venture  to  assert 
is  not  based  on  any  sound  knowledge  of  the  quiility  or  durability  of 
the  electrical  materials  used.  The  apparatus  for  making  these  teat* 
is  costly,  and  can  only  be  used  by  specially  trained  observers ;  but 
as  electrical  work  falls  more  and  more  into  the  condition  of  a 
general  trade,  it  will  become  moat  essential  that  some  prorision 
should  be  made  for  doing  this,  and  for  doiug  it  by  some  institu- 
tion which,  tike  Ctesar's  wife,  should  be  above  suspicion  as  to  bias 
or  carelessness. 

Next,  there  is  a  second  field  of  most  important  national  work 
which  might  bo  carried  out,  and  that  is  the  special  and  eystematic 
undertaking  of  the  determination  of  electrical  currents. 

At  present  this  elaaa  of  work  proceeds  but  slowly,  and  hy 
disjointed  stages.  There  are  hut  few  scientific  men  who  can 
get  the  necessary  continuous  time  to  prosecute  researches  of 
this  class. 

Those  engaged  in  teaching  or  industrial  work  find  their  time 
too  much  filled  up  with  professional  duties.  .Sometimes  they  ar* 
able  to  obtain  assistance  from  advanced  students  and  assistants, 
but  most  generally  such  help  is  not  continuous  enough,  nor 
always  available.  Many  others  who  have  the  leisure  have  not 
the  necessary  apphances  and  place.  (Quantitative  work  of  the 
Idnd  referred  to  is  useless  unless  undertaken  with  the  best 
possible  apparatus  and  under  the  conditions  conducive  to  con- 
tinuous work.  Very  occasionally  it  happens  that  all  the  con- 
ditions and  nmdificatioris  unite  in  one  place  and  one  person,  and 
then  we  obtain  such  perfectly  priceless  work  as  that  by  which 
Lord  Rayleigh  has  earned  the  gratitude  of  all  who  ore  connected 
with  eiectrical   science.    But   \^   -^e  assuitte   that   a   laboratory 
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existed  in  which  there  was  no  teaching  and  no  general  research 
to  interfere  with  or  disturb  certain  competent  observers,  and  if 
we  assume  the  place  provided  with  the  most  complete  appliances 
as  above  suggested,  it  would  be  poBsibie  for  those  who  know  what 
is  wanted  to  set  certain  pieces  of  definite  work  to  be  accom- 
plished, aud  they  might  then  find  time  and  thought  to  direct  the 
continuous  operations  of  observers  who  would  work  under  them. 

Take,  for  instance,  the  question  of  specific  inductive  capacity. 
What  a  whole  range  of  problems  still  await  solution  I  Not  only 
axe  the  dielectric  constants  wanting  for  many  insulating  media, 
bat  the  effect  of  temperature,  pressure,  time  of  electrification, 
varying  electro-motive  force,  and  other  variations,  have  yet  to  be 
determined  in  a  systematic  manner  for  all. 

These  data  would  form  immediate  guides  to  right  action  in 
practical  work.  Supremely  important  would  such  data  be  in 
testing  the  magnificent  electro-magnetic  theory  of  light  of  Clerk 
Maxwell.  Although  it  is  now  just  twenty  years  since  that  theory  was 
first  published  in  the  PhUoaophical  Transactions,  we  aeem  as  &r  as 
ever  from  estahhshed  proof  of  some  of  its  fundamental  projjositions. 
One  of  the  fundamental  assumptions  is  that  in  dielectric  media 
what  is  called  the  electric  diaplacement  is  equal  to  the  electro- 

motive  force  multiplied  by  ^— ,  where  K  is  the  specific  inductive 

capacity ;  and  a  corollary  of  its  fundamental  assumptions  is  that  in 
transparent  media  the  dielectric  capacity  should  be  equal  to  the 
square  of  the  index  of  refraction, 

The  divergence  between  observation  and  theory  in  this  last 
result  indicates  tliat  much  more  extensive  observations  are  needed 
to  enable  a  comparison  to  be  made,  with  the  hope  of  finding  a 
clue  to  the  reason  for  this  divergence,  or  for  the  correction  of  the 
theory. 

Considering  what  vast  consequences  might  not  result  from  an 
.Tjrival  at  some  true  conception  of  the  nature  of  the  motions  which 
constitute  an  electric  current,  is  not  the  steady  prosecution  of 
those  quantitative  observations  which  can  test  our  theories  a  thing 
to  be  definitely  undertaken,  rather  than  suffer  them  to  take  their 
chance  amongst  other  voluntary  work  ? 
VOL.  xir.  33 
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In  spite  of  the  valuable  qnantitative  work  of  Stoletow,  Rowland, 
Ewing,  and  others,  how  irnich  yet  remaiiis  to  be  cleared  up  on 
the  subject  of  magnetic  permeability  and  susceptibility  of  different 
kinds  of  iron  and  steel !  The  choice  of  an  iron  for  a  field  magnet 
of  a  dynamo,  or  for  a  telegraphic  wire,  should  l>e  based  on  accurate 
knowledge  of  the  value  for  that  sample  of  these  quantities.  The 
highly  interesting  researches  of  Mr.  Prcece  on  the  velocity  of 
signalling  through  iron  and  copiwr  wires  have  revealed  in  a 
striking  manner  that  which  was  known  to  theorists,  and  vhich 
has  been  fiilly  explained  both  by  Maxwell  andlvirchoff,  namely,  the 
effeL-tof  magnetic  permeability  on  the  self-induction  of  aconducting 
circuit.  The  quality  of  iron  required  for  a  telegraphic  wire  is  there- 
fore completely  different  to  that  required  in  a  dynamo  machitie — 
in  one  ease  the  smallest  possible  magnetic  permeability  consistent 
with  other  requirements,  and  in  other  cases  the  largest. 

The  attention  that  has  recently  been  drawn  by  Mr.  Bottomley, 
and  previously  also  by  Dr.  Hopkinson,  to  the  effect  of  the  presence 
of  manganese  in  iron  or  steel  in  affecting  its  magnetic  qualities, 
is  of  the  highest  importance  in  regard  to  these  points. 

On  all  these  questions  further  complete  quantitative  obeerv^ 
tions  are  supremely  important,  and  would  have  an  immediate 
bearing  on  national  industries.  The  reason  for  their  absence  is 
obvious.  The  difficult  character  of  the  quantitative  researches 
needed  prevents  them  from  attracting  most  investigators,  and 
such  esperiments  would  be  too  tedious  and  not  sufficiently  imme- 
diately remunerative  enough  to  invite  private  firms  or  corporations 
to  undertake  them.  When  we  look  back  and  review  the  many 
splendid  investigations  which  distinguished  French  science  at  the 
end  of  the  last  and  beginning  of  this  century,  we  see  the  results 
of  the  definite  action  of  the  Academy  of  Sciences  and  the  State 
in  setting  on  foot  such  kinds  of  quantitative  research.  It  is  not 
impossible  that  such  a  scheme  might  be  enlarged  so  as  to  include 
definite  researches  undertaken  to  order ;  but  in  considering  thL* 
question  for  the  first  time,  it  ia  perhaps  well  to  keep  our  ideas  ts 
compact  and  definite  as  possible,  and  I  have  accordingly  said 
nothing  about  such  an  imjwrtaut  work  as  testing  dynamos  and 
lampB. 
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There  have  been  schemes  put  forward  before  for  public  labora- 
tories, but  they  have  always  fallen  through  on  account  of  thf  fact 
that  every  one  feels  that  any  broad  ill-defined  scheme  of  endow- 
ment of  research  is  an  unpractical  thing,  and  that  there  is  too 
much  danger  that  endowment  of  research  in  thia  fashion  would 
simply  degenerate  into  a  research  after  an  endowment.  If  any- 
thing more  than  conversation  about  the  subject  is  to  take  place, 
it  is  obvious  that  no  scheme  can  be  complete  which  does  not  Cac« 
the  difficulty  of  ways  and  means,  and  unless  we  can  compass  this 
natural  difficulty  nothing  can  be  done.  It  will  be  an  important 
question  to  consider,  in  the  first  place,  whether  such  a  scheme 
should  be  affiliated  to  any  existing  institution,  or  whether  it  had 
not  better  be  something  quite  apart  and  distinct. 

With  respect  to  the  first  capital  outlay,  our  only  choice  lies 
between  private  munificence  and  State  aseiBtance.  Considering 
the  considerable  revenue  that  the  State  has  derived  of  late  years 
from  patent  fees  for  many  thousands  of  electrical  patents,  is  it  too 
much  to  ask  that  a  little  of  that  which  has  been  gained  by  the 
industry  of  inventors  should  come  back  in  the  form  of  an  endow- 
ment of  an  institution  which  will  be  largely  useful  in  providing 
and  obtaining  data  upon  which  research  and  invention  can  be 
based  ?• 

The  few  thousand  pounds  necessary  would  hardly  be  appr&- 
ciably  felt  by  the  British  taxpayer,  whilst  the  advantage  to  the 
community  would  be  cheaply  purchased. 

•  The  tottd  numlien  of  Britiih  pntenta  taken  out  in  the  last  tour  jears  are 
as  follow : — 


In  lesi 

6,751  patent*. 

„    1883       ... 

6,2il        „ 

„    1683        ... 

",998         n 

„    18B4        ... 

17,110        „ 

Total  nnmber    . 

,.    35,095 

I  learn  from  a  report  bj  Mr.  Froit,  our  Librariaii,  tliat  the  numbers  of  tlia 
electrical  patents  ilnring  tbeie  y^ara  ^ero  tu  follow : — 
1881         ...  450 


I8S2         „.  845  I 


1S83  «■>"  i  making  a  total  of  3,010  in  all. 

188i 


620  I 
1,095  1 
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Considering  that  we  have  now  arrived  at  a  condition  when 
applications  of  electricity  enter  into  countless  departments  of  lilCj 
the  question  to  be  considered  is  whether,  if  private  enterprise 
fails  to  accomplish  it,  it  ia  not  the  duty  of  the  State  to  add  to  its 
control  over  other  weights  and  meaatirea  that  of  some  supervision 
over  electrical  measurement.  It  will  certainly  have  to  do  so  if 
ale  of  electric  energy  by  meter  ever  becomes  an  extensive  thing, 
as  it  will  be  absolutely  necessary  to  have  a  court  of  appeal  if 
dispute  arises  between  supplier  and  customer;  and  ifthatiitto 
be  done,  the  matter  cannot  be  limited  to  quantity  meters  alone.* 

The  foregoing  remarks  have  probably  sufficed  to  outline  in  a 
very  rough  way  the  present  difficulty  and  some  proposed  remedy. 
I  conclude  by  casting  into  the  form  of  five  propositions  the 
notions  above  thrown  out,  not  in  any  way  intending  them  to  he 
dogmatic  statements  of  what  ought  to  be  accomplished,  or  the 
way  to  tlo  it.,  but  simply  as  fulcra  round  which  your  discussion 
cBn  turn,  and  they  ore  as  follow : — 

1.  The  measurement  of  electrical  phenomena  and  efifects  has 
now  become  such  a  practical  and  everyday  operation  that  it  is 
highly  desirable  that  unity  of  operations  should  be  secured  in 
practice  as  well  as  theory. 

2.  That  in  order  that  this  should  be  the  case,  certain  actual 
acknowledged  standards  of  reference  or  apparatns  should  esist, 
which  should  be  to  electricity  what  the  Greenwich  mean  solar 
standard  clock  is  to  all  timekeepers,  or  what  the  standard  yard  or 
pound  is  to  length  and  mass  measurement. 

3.  That  this  can  perhaps  best  be  attained  by  the  establisit- 

•  OonaideriDg  the  fuct  tbat  central  lUtion  lighting,  both  arc  and  incu. 
descent,  has  now  been  carried  oa  for  three  jears  in  New  Tork,  it  ia  not  f-i 
mncli  to  assume  that  under  a  revised  Electric  Lighting  Act,  which  mmt  i 
obtained,  attempLs  will  be  made  graduoJly  in  England  to  supply  tha  deitre  (  : 
distributed  lighting.  Whether  the  sale  be  by  current,  by  energy,  or  by  ligl.', 
it  ia  certain  that  no  solid  basis  for  commercial  contract  can  exist  uoleMiif 
qoalit?  and  quantity  of  the  thing  Bold  is  defined  beyond  dispute,  and  thu,  \^ 
case  of  doubt,  standards  of  reference  exist  which  can  be  referred  to.  T- 
queation  ia  sorrouDded  by  much  difficulty,  and  such  rough  notions  aa  we  !is 

already  on  the  tflBtlng  ol  incandescent  lampa  will  have  to  be  refined  i^ 

improved  before  the  m&tlet  ia  in  a  »a\.\»lac'uiT^  ».Wft, 
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meut  of  a  national  electrical  standardising  laboratory  as  abore 
described. 

4.  That  action  in  this  matter  should  be  taken  by  the  Society 
of  Telegrapli-EngineerB  and  Electricians  as  representing  prac- 
tical science,  in  conjunction  with  the  British  Association  Com- 
mittee on  Electrical  Standards. 

5.  That  the  Council  be  requested  to  give  the  matter  their 
consideration,  with  the  view  of  seeing  if  there  is  any  practicable 
method  of  meeting  these  requirements,  and,  if  need  be,  to  confer 
with  the  members  of  the  British  Association  Committee  on 
Electrical  Standards  and  the  Council  of  the  Royal  Society,  or 
other  acknowledged  authorities,  to  see  if  it  commends  itself  to 
these  bodies  as  a  scheme  of  practical  utility  or  of  national 
advantage  to  have  undertaken, 

Tiie  President  :  I  will  now  ask  you  to  be  good  enough  to 
discuss  the  paper  which  Dr.  Fleming  has  been  kind  enough  to 
bring  before  us.  For  my  own  part,  I  think  he  has  made  out  a 
very  good  case,  and  has  shown  the  very  great  necessity  of,  and 
the  advantages  that  will  arise  from,  a  recognised  laboratory  of  the 
kind  which  he  has  shadowed  forth  this  evening.  It  will  add  to 
the  value  of  measurements  if  they  are  accurately  made  by 
instruments  which  have  been  proved  and  found  correct ;  and  the 
convenience  of  having  such  an  institution,  where  at  any  time 
apparatus  can  be  compared,  would  be  very  great  and  useful. 

If  each  class  of  instruments  were  made  to  a  standard,  it  would 
be  a  very  easy  matter  to  obtain  or  give  confirmatory  result* ;  but 
at  present  many  of  the  iustnu^nents  in  ordinary  use  vary  so  much 
that  little  confidence  in  the  statements  of  tests  is  felt  until  it  is 
known  by  what  instruments  the  results  were  arrived  at,  and  the 
condition  of  those  instruments. 

There  are  several  gentlemen  present  to-night  who  will  be  able 
to  give  us  some  very  good  advice  on  the  matter;  and  we  are 
favoured  with  the  presence  of  Mr.  Chauey,  who  is  the  head  of 
the  Standard  Department  of  the  Board  of  Trade,  He  will 
doubtless  be  able  to  give  us  some  information  as  to  the  value  of 
standards  which  will  tend  to  help  our  subject  \e,t^  -oi^da-     V 
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think  that  the  snggestion  which  Dr.  Fleming  has  made,  of  having 
a  very  wide  committee  to  consider  this  question,  com[iri§ed  not 
only  of  memhers  of  our  own  Society,  but  of  those  of  the  British 
Association,  the  Royal  Society,  and  others,  may  be  a  very  excellent 
mode  of  getting  together  fiuoh  influence  and  advice  as  an 
important  subject  of  this  kind  ought  to  have. 

Mr.  H.  J.  Chaney:  I  think  it  is  evident  that  there  is  practical 
necesBity  for  uniformity  in  the  measures  and  apparatus  used  for 
electrical  purposes,  although  I  am  not  quite  sure  that  the  paper 
which  I  have  had  the  pleaifiire  of  hearing  to-night  shows  witli 
Bufficient  force  the  number  of  complaints  or  representations  that 
have  been  made  in  that  direction.     It  is  clear  that  we  do  not 
require  the  determination  of  new  units,  or  the  definition  of  new 
standards.     These  questions  ap^jear  to  have  been  so  far  settled  by 
the  devoted   labours  of  the   British    Association   Committee  on 
Electrical  Standards,  and  perhaps  to  some  extent  by  the  propMi- 
tions  of  the  International  Conference  on  Electrical  Unite.     "NVhat 
we  do  require  is  practical  uniformity  in  the  measures  that  may  be 
used  for  the  purposes  of  trade,  taking  trade  in  its  wider  sense 
connected  with  the  developroent  of  electric  hghting.     It  is  not 
for  me  to  say  how  far  the  Board  of  Trade  would  be  prepared  to 
meet  the  views  that  Dr.  Fleming  has  put  forward.     It.  is  their 
duty  under  the  present  Act  to  take  care  of  all  matters  relating  to 
weights  and  measures;  but   the  question  he  has  proposed  b  a 
somewhat  elaborate  one,  and  I  think  it  would  be  desirable  to 
separate    the    proposal   with    reference    to   obtaining    electrical 
standards,  maintaining  them,  and  using  them,  from  the  proposal 
to  have  a  national  laboratory  where  researches  and  highly  scien- 
tific inquiries  might  be  carried  on.     The  latter  proposal  tends,  1 
think,  rather  to  embarrass  the  other.     If  Ur.  Fleming  simply 
proposed  to  have  an  office  of  some  kind,  whether  in  London  or 
elsewhere,  where  these  electrical  measures  and  apparatus  may  be 
tested,  I,  for  one,  do  not  see  bo  much  difficulty  in  that :    the 
expense   is   not    perhaps   a   considerable   one,  the   instrumental 
equipment  is   not  very  difficult',  and  the  question  as   to  what 
extent  fees  should  be  charged  or  not  for  the  verification  of  stan- 
dards is  one  that  might  be  fairly  considered.     At  present  no  fe«e 
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are  charged  at  the  Standards  OflBce  on  anything  done  there  for 
recognised  authoritiea  or  for  scientific  purposes,  and  I  do  aot  see 
why  fees  should  be  charged  in  the  important  verification  of 
electrical  standards. 

Perhaps  the  case  referred  to  by  Dr.  Fleniing,  of  the  teating  of 
watches,  is  hardly  analogous  to  that  of  testing  electrical  meters, 
for,  in  the  case  of  a  watch,  the  instrument  tested  is  not  used  in 
trade  transactions  or  in  the  exchange  of  value :  persons,  for  their 
own  convenience,  have  watches  tested,  and  the  testing  meets  their 
satisfaction;  but  in  a  measure  which  is  used  for  the  purpose  of 
trade  we  must  ha\'e  a  test  wliich  will  not  oidy  be  of  use  to  the 
seller — that  is,  one  person — bat  alsuto  another  jeraon,  the  buyer; 
and  that  test  can  evidently  only  be  recognised  as  authoritative 
when  it  has  legal  force.  I  am  not  at  present  aware  that  there  is 
any  Act  of  Parliament  which  would  directly  give  legal  force  to 
the  testing  of  electrical  measures  or  apparatus.  It  might  perhaps 
be  possible,  if  standards  were  constructed  and  approved  under  the 
directions  of  a  joint  committee  of  this  Society  and  of  the  Royal 
Society,  and  deposited  in  due  form,  that  they  might  then  be 
legalised  by  an  Order  in  Council,  in  the  same  way  as  has  been 
done  with  the  Whitworth  standards  and  others ;  but  as  to  how  far 
the  Board  of  Trade  would  be  prepared  to  go  in  that  direction  I 
am  not  at  present  able  to  say.  It  is  a  matter,  however,  to  which 
they  would  be  prepared,  of  course,  to  give  careful  consideration  to 
any  recommendations  which  might  be  made  to  them. 

The  President  :  Perhaps  Mr.  \Vhipple,  of  the  Kew  Observa- 
tory, will  iavour  us  with  his  remarks. 

Mr.  O.  M.  Whipple:  Sir,  seeing  before  me  at  the  Council 
table  two  members  of  the  Kew  Conomittee  of  the  Eoyal  Society, 
the  body  which  controls  the  operations  of  the  Kew  Obsei-vatory, 
I  think  it  is  perhaps  scarcely  my  place  to  stand  up  here;  but 
having  been  called  upon  by  you,  I  will  venture  to  make  a  few 
remarks. 

It  appears  to  me,  after  liaving  heard  Dr.  Fleming's  paper, 
that  the  Kew  Observatory  already  stands  in  a  position  tbat  would 
enable  it  very  easily  to  become  a  suitable  institution  for  com- 
paring electrical  standards.     I  quite  agree  with  Mr.  ChajieY  thofc 


608  NATIONAL  BTANDAEDIBING  LABOBATOEY.  Etc.  [Not,  Slllh, 

it  IB  advisable  that  the  question  of  a  national  laboratory  for 
investigations  should  be  detached  from  the  question  of  comparing 
instraments,  and  will  not  speak  upon  it.  The  Kew  Observatory' 
complies  with  several  of  the  tionditions  laid  down  by  Dr.  Fleming 
as  requisite  in  a  testing  office.  It  has  standards  of  time ;  we  keep 
our  own  time,  obtained  directly  by  astronomical  methods,  in 
order  that  we  may  be  enabled  to  compare  watches  for  the  public. 
We  have  oar  own  standards  of  length  and  weight,  which  are 
copies  of  the  Government  standards,  compared  with  official 
standards  (in  fact,  are  numbered  as  official  standards)  by  the 
late  Mr.  Sheepshanks.  We  have  magnetic  instruments  which  are 
constantly  recording  the  intensity  of  the  earth's  magnetism  ;  and 
we  have,  of  course,  standard  thermometers,  and  various  others  of 
the  standardising  instruments  that  would  be  required  to  complete 
the  outfit.  The  observatory  is  also  in  an  isolated  spot,  being  at  ft 
distance  of  nearly  three-quarters  of  a  mile  from  the  neareet 
railway,  street,  or  road  of  any  kind ;  there  is  nothing  present  or  in 
the  neighbourhood  which  could  cause  tremors,  vibrations,  or  other 
disturbances  which  would  be  likely  to  affect  the  accuracy  of 
measurements,  as  ia  the  case  of  those  made  in  a  laboratory 
situated  in  a  town,  or  even  situated  in  such  a  spot  (Westminster) 
as  the  Standards  Office  which  ^h;  Chancy  controls. 

Then,  as  regards  its  communication  with  London,  we  have  a 
service  of  something  like  300  trains,  by  six  different  routes,  daily 
between  Richmond  and  London,  and  the  actual  travelling  time 
that  the  Kew  Observatory  is  distant  from  this  building  is  just 
under  an  hour.  Therefore  there  are  several  conditions  which  I 
think  show  that  there  would  be  a  considerable  possibility  of 
OBtablishing  standards  of  electrical  comparison  at  Kew.  Our 
operations,  as  I  have  already  said,  are  controlled  by  a  committee 
of  the  Royal  Society,  and  that  committee  have  on  many  occasions 
shown  themselves  very  anxious  to  take  up  any  new  branch  of  work 
that  has  been  called  for.  I  need  only  quote  from  a  public  state- 
ment I  have  before  me  to  show  the  variety  of  instruments  that 
they  have  been  called  upon  to  test,  in  extension  of  the  original 
scheme  of  testing,  which  was,  I  believe,  first  founded  upon  that 
atatewent  of  HerscheVs  with  which  Dr.  Fleming  commenced  his 
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paper.  At  all  events,  in  an  abstract  given  in  the  history  of  the 
observatory,  which  has  been  recently  pubHshed  by  the  Royal 
Society,  1  find  that  there  are  no  leas  than  twenty-six  different 
classes  of  instruments  we  are  now  eiamining,  verifying,  and 
certifjfing,  without  including  watches,  because  the  comparison 
and  certifying  of  watches  is  quite  new  work,  and  has  only  been 
recently  ctarted.  The  testing  of  watches,  which  has  been  taken 
up  with  great  eagerness  by  the  trade,  was  originally  set  on  foot 
by  the  Horological  Institute,  which  I  presume  holds  a  somewhat 
kindred  position  with  regard  to  watches  as  this  Society  holds  with 
regard  to  electrical  instruments.  Speaking  of  watches,  I  would 
just  make  a  remark  called  for  by  Mr.  Chaney's  statement  that 
there  was  no  commercial  value  attached  to  a  certificate  given 
for  watches,  I  think,  if  he  were  to  inquire  of  a  watchmaker  for 
a  Kew  certified  watch,  he  would  find  that  the  Kew  certificate 
bad  placed  a  considerably  augmented  value  on  the  watch ;  at 
all  events,  I  know  such  has  been  reported  by  persons  who  have 
made  thi>  intjuiry.  Watch  manufacturers  have  also  stated  that 
they  are  unable  to  obtain  such  a  price  for  the  watch  as  they  would 
like  to,  in  many  cases,  unless  It  has  a  Kew  certificate. 

With  regard  to  the  funds — a  question  which  Dr.  Fleming 
rather  overlooked — I  suppose  that  if  a  very  strong  representation 
were  made  to  the  Royal  Society,  there  might  be  a  possibility 
of  obtaining  a  grant  from  the  money  they  have  at  their  disposal. 
In  years  gone  by,  when  the  original  standards  at  Kew  were 
procured,  the  Royal  Society  contributed  very  freely  to  their 
purchase,  and  1  should  presume  that  in  this  case  the  Royal 
Society  conld  act  in  a  similar  manner,  and  might  be  induced  to 
give  grants  for  the  initial  outlay.  Then,  as  for  maintenance,  I 
presume  that  purchasers  of  electrical  apparatus  would  no  more 
grudge  the  small  additional  fee  for  standardising  than  do  pur- 
chasers of  watches,  sextants,  thermometers,  hydrometers,  &c., 
grudge  the  additional  few  shillings  that  are  now  required  for 
the  purchase  of  certified  instruments.  I  think  it  may  be 
admitted  that,  in  every  case  the  maker  of  a  certified  instru- 
ment gives  considerably  more  attention  to  the  construction  of 
the  instrument  wlien  he  knows  it  is  going  to  be  certified  thaa. 
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when  it  is  sot,  and  that  the  porcbaser  of  a  thennometer  gets 
more  tlian  the  value  of  the  certifying  fee  when  he  bnye  a 
verified  instmnient. 

The  President;  Dr.  Fleming  gave  as  some  very  startling 
figures  as  to  the  increase  in  the  numbers  of  patents  taken  ont 
under  the  new  Act,  and  as  Dr.  Jackson,  of  the  Patent  Oflfice,  is 
here,  i}erbaps  he  will  give  us  some  corroboration  and  details  of 
the  information  which  Dr.  Fleming  has  been  good  enough  to  laj 
before  us. 

Dr.  M.  J.  Jackson  :  I  believe,  Sir,  that  Dr.  Fleming's  eBttmate 
of  the  number  of  electrical  jiatents  is  aubstantiaUy  correct — 
perhnps  rather  an  over-estimate  than  an  nnder- estimate.  By 
taking  the  numbers  in  the  iudesea  one  is  liable  to  get  the  same 
patent  repeated,  and  of  course  those  indexes  include  some  things 
which  we  would  not  usually  discuss  here,  such  as  magnetic  hair 
brushes,  and  electrical  appliances  to  be  worn  on  the  person.  I 
think,  also,  speaking  roughly,  that  the  amount  which  has  been 
earned  by  the  .State  in  the  matter  of  electrical  patents  lias  been 
perhaps  over-estimated,  as  so  many  have  not  been  completed  or 
proceeded  with  beyond  a  comparatively  early  stage.  Dr. 
Fleming's  suggestion  that  the  earnings  of  the  State  in  one 
department  should  be  used  to  promote  its  welfare  in  another 
department,  would  seem  to  be  a  good  one  in  theory ;  but  it  is,  of 
course,  for  societies  such  as  this  to  promote  that  object. 

As  to  the  remarks  about  the  legal  and  the  Bril  ish  Association 
ohm,  I  think  that  the  discrepancy  between  the  E.A.  and  the 
theoretical  ohm  (which  is  to  be  deplored)  was  due  to  the  go-ahead 
^irit  of  the  committee  of  the  British  Association,  and  of  course 
this  go-ahead  spirit  has  its  disadvantages ;  and  the  question  arises 
whether  the  time  has  arrived  for  the  establishment  of  such  a  labo- 
ratory as  that  snggested  by  Dr.  Fleming.  I  think  we  may  certainly 
Bay  that  it  has  arrived.  The  British  Association  committee 
issued  a  standard  which  was  perhaps  a  httle  premature,  but  we 
could  now  issue  a  very  accorate  one.  Although  I  say  it  with  some 
diffidence  here,  I  would  suggest  that  it  is  rather  a  useful  and*  a 
fortunate  thing  that  the  development  of  heavy  electrical  engineer- 
ing  was  in  its  infancy  at  the  time  of  the  British  Association  com- 
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mittee,  as  there  would  have  been  more  difficulty  in  establishing  a 
really  scientific  system  of  units  if  the  practical  demands  of  heary 
electrical  engineering  had  to  be  met  tlmn  was  actually  the  case. 
I  have  heard  engineers  accustomed  to  talk  of  horse-power  rail 
somewhat  at  the  use  of  so  small  a  unit  as  the  erg ;  but  the  ose  of 
a  Guitable  multiple  of  the  fuudamontal  C.G.S.  unit  ought  to  meet 
their  views  in  all  cases. 

With  regard  to  the  suggestion  that  Kew  should  take  up  the 
duty,  I  think  it  is  to  Kew  that  we  would  naturally  look  in  such  a 
case  as  this ;  but  we  have  heard  something  this  evening  about 
dynamos  and  secondary  batteries,  and,  having  regard  to  the 
magnetic  observations  that  are  made  at  Kew,  X  would  ask  Mr. 
Whipple  if  there  is  plenty  of  room  to  keep  the  two  buildings  in 
which  the  diEferent  classes  of  measurement  would  be  made  apart 
at  a  sufficient  distance. 

Mr.  A.  J.  FitosT  (Librarian):  May  I  mention,  Sir,  that  it  is 
a  part  of  the  daily  work  in  the  Library  of  this  Society  to  compile 
lists  of  electrical  patents,  and  my  reports  for  the  last  four  or  five 
years  have  contained  statistics  of  the  number  of  patents  which 
refer  to  electricity.  In  addition  to  these  compiled  lists,  we 
endeavour  to  put  upon  the  Library  table  all  the  electrical  speci- 
fications which  are  published  each  week ;  and  the  specifications 
in  the  Library  comprise  everything,  as  far  as  we  are  able  to 
judge,  relating  to  electricity,  including  even  electrical  hair  pins, 
electric  dolls,  and  such  patents  referred  to  by  Dr.  Fleming.  It  is 
difficult  to  discriminate  as  to  the  value  of  electric  patents,  and  it 
is  not  for  us  to  do  so.  What  we  endeavour  to  do  is  to  make  our 
oollection  of  electrical  patents  as  complete  as  possible,  and  to  keep 
them  up  to  date,  lot  the  use  of  the  members  of  the  Society  and 
others. 

Professor  G.  CasEY  Fostek;  After  the  way  in  which  Dr. 
Fleming  has  brought  this  subject  before  us,  there  seems  to  me  to 
be  very  httle  left  for  anyone  else  to  say;  but  I  am  glad  to  have 
the  opportunity  of  saying  how  admirably  I  think  the  matter  was 
brought  before  us,  and  to  thank  Dr.  Fleming  for  his  paper.  The 
qneation  is,  of  course,  one  of  which  the  importance  has  been  re- 
cognised for  a  considerable  time,  and  of  which  the  urgency, ■«« 
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may  aay,  is  now  becoming  very  great.  It  baa  been  mooted  in  this 
Society  more  tban  once  in  a  more  or  less  definite  manner.  I 
myself  had  the  honour  to  give  an  address  to  the  Society  a  few 
yeaxB  ago,  and  I  referred  to  the  matter  on  that  occasion. 
It  is  a  matter  which  I  think  the  Society  of  Telegraph- 
Engineers  might  very  well  take  up.  Dr.  Fleming,  with  minute 
acquaintance  with  the  requirements  of  the  practical  aide  of  the 
question,  has  treated  it  to-night  very  fully  and  effectively ;  and  I 
hope  that  his  recommendation  that  the  matter  maybe  thoroughly 
discussed  in  a  serious  practical  spirit  by  the  Council  of  this  Society 
will  not  be  lost  sight  of,  and  that  we  shall  have  some  practical 
step  taken  as  the  result  of  this  meeting. 

Captain  P.  Cardeh",  K.E.  :  I  have  not  formulated  anything 
definite  on  the  subject,  but  I  am  fully  in  accord,  if  my  con- 
currence is  of  value  to  anybody,  with  Dr.  Fleming.  I  should  be 
very  pleased  indeed  to  be  able  to  obtain  instrumenta  with  some 
kind  of  certificate  that  they  would  continue  accurate.  It  is  not 
so  difficult  to  get  an  instrument  which  is  accurate  when  you 
obtain  it,  but  it  is  very  difficult  to  ensure  that  it  will  remain  so; 
at  any  rate,  that  has  been  the  case  with  a  great  many  instru- 
ments I  have  had. 

Mr.  R.  E.  Crompton  :  I  heartily  agree  with  every  argument 
that  Dr.  Fleming  has  brought  forward  in  favour  of  a  national 
establishment  for  standardising  electrical  measuring  instrument-s; 
and  I  go  further,  and  say  that  the  necessity  for  such  a  standardising 
establishment  is  so  great  that,  if  the  Government  does  not  move 
io  the  matter,  we,  as  English  manufacturers,  must  of  necessity 
combine  and  do  the  work  onrselvea.  We  cannot  go  on  any 
longer  as  we  are  now  doing  without  independent  check  on  our 
individual  attempts  at  calibration.  I  have  been  at  great  pains 
and  expense  to  get  our  own  instrirnients  correctly  standardised, 
but  the  results  have  not  been  entirely  satisfactory.  It  is  almost 
impossible  for  manufacturers  working  in  what  has  been  well 
named  "  the  heavy  electrical  trades,"  for  the  reasons  mentioned 
by  Dr.  Fleming,  to  arrange  a  satisfactory  calibrating  room  at  tff 
near  their  works.  Freedom  &om  vibration  and  absence  of  dia- 
farbance  of  the  magnetic  Teadmga  is  not  obtainable ;  and,  further 
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than  that,  we  none  of  us  have  Bufficient  leisure  for  carrying  out 
these  calibrations  in  the  way  they  should  be  carried  out.  There- 
fore, for  purely  commercial  reasons,  we  manufacturers  are  fully 
prepared  to  aasiat  in  any  reasonable  scheme  which  will  give  ub 
the  independent  check  on  standardising  that  we  require,  and  I 
think  that  the  best  method  of  doing  this  wUI  be  to  let  this 
Society  move  in  the  matter.  This  Society  is  sufficiently  repre- 
sentative of  electrical  engineering,  and  ought,  now  to  take  the 
lead,  and  I  hope  that  steps  will  be  taken  at  this  present  meeting 
to  give  effect  t«  the  resolutions  which  the  author  has  put  at  the 
end  of  his  very  valuable  and  interesting  paper. 

Mr.  C.  H.  W,  Bicos :  You  will  excuse  me,  Sir,  but  I  had  written 
down  a  motion  which  bears  upon  the  remarks  that  Mr.  Crompton 
has  just  made,  but  I  do  not  know  whether  the  initiative  should  be 
taken  by  the  meeting  or  the  Csjuncit.  The  motion  I  had  was  to 
request  the  Council  to  form  a  comnaittee  to  carry  out  the  idea 
suggested  by  Dr.  Fleming  in  his  paper.  Will  you  tell  me  whether 
the  initiative  should  come  from  us  or  from  you  ? 

The  President  :  I  am  much  obliged  to  you,  Mr.  Biggs,  for  the 
suggestion,  but  it  would  be  better,  I  think,  if  it  comes  from  you.  It 
will  here  receive  a  greater  number  of  supporters  than  it  could  if  it 
came  from  the  Council  itself;  though  before  anything  is  proposed 
it  will  be  well  to  have  a  little  more  discussion  on  the  subject. 

Mr.  C.  H.  W,  BrcGS:  Yes.  It  was  only  suggested  by  Sir. 
Crompton's  remarks.  The  idea  is  floating  in  the  minds  of  many 
others,  I  dare  say. 

Capt.  II.  R,  Sankev,  R.E.  :  I  can  only  repeat  what  Capt.  Cardew 
said,  and  observe  that  a  laboratory  for  standardising  instruments 
is  very  much  required.  A  short  time  ago  I  felt  the  want  of  it 
myself  very  much,  and  it  was  only  through  the  kindness  of 
Dr.  Jleming  that  I  was  able  to  standardise  a  couple  of  cells 
required  for  some  experiments.  If  there  had  been  in  existence 
such  a  laboratory  as  is  being^discussed  this  evening  I  could  have 
done  what  I  wanted  without  having  to  trouble  Dr.  Fleming.  I  am 
Bure  he  was  very  pleasetl  to  assist  me. 

Mr.  W.  H.  Preece  :  It  has  always  been  a  very  favourite  idea 
of  mine  that  this  Society  should  Eathet  an  eVe<il,T\^  "atowsijari  ^ 
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more  for  the  assistance  of  those  of  its  members  who  have  not 
laboratories  themselves  than  for  the  pmpose  of  esitablishing  the 
means  of  Rtftnclardising  and  verifying  standards,  I  think  there  is  a 
very  broad  distinction  to  be  drawn  between  a  laboratory  for  research 
and  an  office — or  laboratory,  if  we  may  so  call  it — for  verifying 
standards.  As  Dr.  Fleming  has  very  properly  put  it,  to  endow 
research  is  very  likely  to  lead  in  time  to  an  attempt  to  search  for 
endowments ;  and  not  so  much  to  assist  research  would  I  advocate 
a  laboratory  attached  to  this  Society,  but  as  a  means  of  enabling 
those  who  have  not  apparatus  themselves  to  fly  to  the  assistance 
of  instruments  that  will  be  of  use  to  them. 

Reference  has  been  made  to  the  go-abeadedness  of  the  com- 
mittee of  tbe  British  Association,  and  it  has  been  implied  that 
they  might  have  been  a  little  hasty  in  arriving  at  their  decision 
as  regards  the  dimension  of  the  ohm.  But  if  there  has  been  a 
committee  which  deserves  well  of  this  Society  and  of  the  world,  it 
has  been  the  committee  of  the  British  Association  that  established 
standards  of  electrical  measurement.  It  placed  the  whole  science 
upon  a  sound  basis ;  it  estabUshed  a  system  of  accurate  measure- 
ment that  has  withstood  all  attacks  for  the  last  twenty  yeare ;  and 
it  has  succeeded  in  producing  il  system  of  uniformity  throughout 
the  whole  universe.  Though  t-lie  congress  that  met  in  Paris  in 
1881  showed,  it  is  true,  that  the  B.A.  ohm  was  not  absolutely 
what  we  now  know  to  be  the  true  ohm,  still  the  measurements 
that  were  made  twenty  years  ago  were  made  by  the  ablest  men 
of  the  day.  The  labours  of  that  committee  were  guided  by  one 
of  the  greatest  electricians  that  ever  lived — Clerk  Maxwell ; 
they  were  carried  oat  by  one  of  the  ablest  secretaries  that  any 
committee  ever  had — Fleeming  Jenkiu ;  and  they  were  supported 
by  the  names  of  men  whom  you  see  before  you,  and  the  highest  in 
the  scientific  world. 

It  is  true  that  the  British  Association  unit  happens  to  be 
about  1 J  per  cent,  wrong,  and  an  effort  was  made  by  the  Paris 
Congress  in  1881,  somewhat  hastily,  to  remedy  that  wrong  by 
establishing  what  has  since  been  called  the  legal  ohm ;  yet  most 
unfortunately,  we  now  know,  or  at  least  we  believe  we  know,  that 
even  the  decision  arrived  at  Vb  "VftftX  ■«a^  va  i.tself  also  wrong, 
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We  are  now  in  this  unfortunate  position,  that,  of  the  two  units  in 
use — the  B.A.  unit  and  the  legal  ohm — they  are  neither  of  them 
right.  It  has  been  a  very  difficult  question  to  decide — Shall  we 
in  England  adopt  the  legal  ohm,  or  shall  we  be  content  to  adhere 
to  that  wldeh  has  8er%-ed  us  so  well  for  twenty  years,  viz.,  the 
B.A.  unit  ?  and,  after  giving  the  most  oarefiil  consideration  from 
ail  points  of  view  to  the  question,  we  have  decided — when  I  say 
"  we"  I  mean  the  Post  Office — and  in  arriving  at  that  decision  we 
have  been  seconded  hy  the  cable  companies  and  by  all  the  colonies, 
and  the  result  is  that  we  have  not  adopted  and  are  not  going  to 
adopt  the  legal  ohm.  The  probability  is  that  this  decision  will 
force  a  reopening  of  the  question,  and  I  have  myself  personally 
taken  some  steps  in  this  direction.  I  have  been  in  communi- 
cation with  Professor  Bowland  in  America,  and  with  Lord 
ftiyleigh.  Lord  Rayleigh  lias  been  in  communication  with 
Wiedemann,  and  with  two  or  three  German  physicists,  and  the 
conclusion  that  has  been  come  to  at  the  present  moment  is,  that 
the  time  is  scarcely  ripe  for  reopening  the  question ;  but  at  any 
rate  it  remains  in  abeyance,  and  the  probability  is  that,  when  we 
liave  seen  the  pubhshed  details  of  Professor  Kowland's  operations, 
and  when  Weber  and  two  or  three  other  physicists  on  the  Con- 
tinent have  succeeded  in  repeating  their  eiperiments,  some  other 
opportunity  may  occur  to  reopen  the  question,  to  form  another 
congresB,  and  to  decide  on  what  in  future  shall  be  the  true  ohm. 

The  great  question  before  ua  to-night  in  reality  iB„How  shall 
we  proceed  to  carry  out  the  views  of  Dr.  Fleming  as  regards  the 
establiBhment  of  some  mode  of  verifying  existing  standards, 
whether  they  are  right  or  whether  they  are  wrong  ?  and  we  have 
models  before  us  to  follow.  We  have  the  model  of  Greenwich  ; 
we  have  the  model  of  the  Board  of  Trade,  that  has  been  brought 
liefore  us  by  Mr.  Chaney ;  we  have  that,  of  Kew,  with  all  its  work 
that  has  been  so  ably  performed  for  so  many  years,  and  especially 
tliat  portion  of  it  which  has  been  conducted  by  Mr.  Whipple ;  and 
we  have  there  something  that  we  can  follow.  Tlie  operations  at 
Kew  have  been  conducted  under  the  great  care  of  a  very  able 
committee  appointed  by  the  Royal  Society,  who  watch  over  all 
the  operations  conducted  there;  aad  it  ap\ieB.ratQ\BR\,W-SS.'*«. 
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views  of  tliis  meeting  are  met  by  carrying  such  a  proposition  as 
that  mentioned  by  Mr.  Biggs,  it  will  ultimately  lead  to  the 
formation  of  a  committee  of  tliis  Society  that  shall  take  up  very 
mnch  the  same  position  as  the  committee  of  the  Royal  Society — 
a  committee  on  standards,  to  watch  over  the  operations,  either  of 
£ew,  or  of  some  laboratory  established  under  the  influence  of  the 
Board  of  Trade,  or  one  directly  under  the  influence  of  this  Society. 
But  I  take  it  that  Dr.  Fleming  has  shown  us  unmistakably — 
and  everybody  at  this  meeting,  by  his  applause,  seems  to  agree 
with  it — tlrnt  the  time  has  now  come  when  we  must  take  active 
and  energetic  measures  to  carry  this  out.  But  then  comes  the 
question  of  funds.  It  is  all  very  well  to  talk  about  the  hundreds 
of  thousands  of  ^raunds  that  are  flowing  to  the  exchequer  of  the 
Patent  Office,  but  some  of  us  are  aware  that  when  money  once 
gets  into  the  hands  of  a  Government  deimrtment  it  is  estremely 
difficult  to  get  it  out  again.  However,  I  am  quite  sure  of  tliiB, 
that  with  the  assistance  of  Mr.  C^aney,  of  the  Board  of  Trade  ; 
with  the  assistance  of  Dr.  Jackson,  of  the  Patent  Office ;  and  with 
all  the  power  that  other  officers  in  other  Government  departments 
can  bring  to  bear  upon  the  matter,  there  can  be  little  doubt  thai, 
if  we  take  the  proper  course,  by  forming  a  committee  and  by  going 
to  work  with  a  will,  we  shall  succeed  in  getting  funds  to  establish 
a  laboratory;  and  I  know  that  we  shall  succeed  in  getting  a 
committee  who  will  throw  as  much  energy  into  the  matter  as  do 
the  committee  of  the  Royal  Society  in  regard  to  Kew. 

Professor  W,  GsYLLS  Adams  :  I  had  no  intention.  Sir,  of 
making  any  remarks  on  the  subject  which  Dr.  Fleming  has  so 
clearly  put  before  us.  The  question  of  the  estabUshment  of  a 
laboratory  for  the  pur^jose  of  testing  measuring  instruments,  and 
certifying  as  to  their  correctness,  is  a  very  important  one,  and 
involves  considerations  wMch  1  fear  Mr.  Whipple  has  not  fulljr 
taken  into  account  when  he  suggests  that  this  work  should  be 
taken  up  at  the  Kew  Observatory.  There  is  one  point  in  con- 
nection with  the  value  of  units  which  I  regard  as  of  great 
importance.  The  practical  units  which  we  employ  should  be  as 
nearly  as  possible  equal  to  the  theoretical  values  aimed  at  by  the 
British  Association  Conimii\*e  m  iWvt  ati^inal  determinatioD.*. 
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Some  twenty-one  years  ago  I  had  the  honour  to  assist  Pro- 
fessor J.  Clerk  ^laxwell  in  the  determination  of  the  B.A.  unit 
of  resistance  ;  but  that  unit  is  now  found  to  differ  so  much  from 
the  theoretical  value  aimed  at  that  it  should  be  changed,  and  the 
legal  ohm  of  the  Paris  Conference  should  be  adopted.  It  may 
Dot  be  easy  to  change  the  old  coils  and  make  them  new,  but  I 
would  recommend  that  from  a  given  date — say  January  1,  1886 — 
no  new  B.A.  units  should  be  made,  but  that  from  that  time 
forward  for  all  new  coils  we  should  adopt  the  legal  ohm  and  the 
values  of  the  units  of  electro-motive  force  and  current  which  are 
consistent  with  the  legal  ohm.  The  French  and  Germans — and, 
indeed,  moat  other  nations — have  shown  their  willingness  to  adopt 
the  units  which  were  fixed  upon  in  Paris,  and  I  feel  sure  that  all 
practical  electricians  must  see  the  importance  of  having  the  same 
electrical  unita  throughout  the  world.  Surely  they  should  be  the 
hret  to  desire  the  adoption  of  the  legal  ohm,  which  is  so  near  to 
the  theoretical  value  that  the  only  correction  whicli  can  ever  be 
required  will  be  a  statement  that  a  set.  of  coils  is  correct  at  a 
temperature  of  a  few  degrees  from  the  temperature  registered 
upon  them. 

Major-tieneral  Webher,  C.B.  :  It  has  occurred  to  me,  while 
hstening  to  the  able  remarks  of  the  last  speaker,  that  some- 
thing may  be  said  aa  regards  the  urgency  of  this  question.  We 
should  look  to  the  fact  that  in  the  past,  two  standards  of 
measurement  came  into  existence,  one  might  say,  without  reallv 
scientific  authority  of  any  kind,  and  that  their  existence  has 
given  a  certain  amount  of  trouble,  not  only  to  the  industrial,  but 
to  the  scientific  world.  One  is,  or  was,  the  Birmingham  wire 
gauge,  with  which  a  committee  of  this  Society  dealt  about  three 
years  ago;  and  the  members  of  that  committee  may  remember, 
when  they  attended  a  meeting  at  the  Board  of  Trade  on  the 
subject.,  that  one  of  the  greatest  difficulties,  or  chief  objections, 
with  which  they  had  to  deal  was  that  raised  by  manufacturers 
against  making  any  alteration  in  the  Birmingham  and  other  well- 
known  standards  which  they  had  been  using  for  the  purposes  of 
manufacture.  The  other  standard  was  the  candle.  Several  of  us 
can  recall  how  much  time  was  occupied  at  the  Paris  Congress  in 
VOL.  MV,  34 
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1881  in  discustiiDg  the  value  of  the  candle  us  a  standard  of 
measurement.  Every  one  here  probably  knows  how  it  was  that 
the  candl,  as  a  standard  of  measurement,  came  into  esistpnce, 
and  also  that  the  only  reason  why  it  was  clung  to  by  some  at  that 
congress  was  that  it  was  a  popularly  knomi  standard,  althongh  a 
very  inaccurate  one.  Those  are  two  exaniplee  which  appear  to  me 
to  show  strikingly  that  the  sooner  the  means  of  standardising 
what  is  a  well-known  want  of  all  electrical  engineers  is  taken  in 
hand  the  better,  and  the  sooner  shall  we  forestall  the  establishment, 
by  custom,  of  inaccurate  standards. 

Mr.  J.  MuNRO :  I  did  not  intend  to  speak  upon  this  matter, 
but  I  think  that  if  such  a  laboratory  is  founded  it  should  have  n 
connection  with  this  Society,  as  Professor  Adams  has  said,  and 
that  it  should  be  situated  in  London,  and  not  at  Kew,  which 
appears  rather  out  of  the  way  for  sudden  requirements.  Tliere 
would  he  some  difficulty  in  getting  a  good  position  in  London,  but 
somewhere  in  the  parks  or  outskirts  a  quiet  place  could  probably 
be  obtained  for  the  purpose.  A  committee  of  this  Society  ou^t 
to  consider  the  matter,  and  I  shall  be  glad  to  second  the  motion 
of  Mr.  Biggs  when  put  to  the  meeting. 

Professor  W.  E.  Ayrton  :  Dr.  F'leming's  most  able  and 
interesting  paper  really  embraces  two  distinct  propositions.  The 
one  is  a  recommendation  to  organise  a  testing  establishment; 
and  the  other,  to  create  an  electrical  research  laboratory.  With 
the  importance  of  the  former — the  estahlishment  of  some  plate 
where  electrical  apparatus  can  be  tested — there  can  be  no  two 
opinions.  Nothing  would  he  more  convenient 'than  to  be  able  to 
send  any  piece  of  electrical  apparatus  one  wished  to  such  a  place 
and  have  it  tested,  not  as  a  favouj-,  but  on  the  payment  of  some 
small  fee ;  the  officials  at  the  place  undertaking  to  teat  every  kind 
of  electrical  apparatus — perhaps,  however,  confining  "electrical 
brushes "  to  the  collectors  of  dynamo  machines.  W'itb  the  first 
part,  then,  of  Dr.  Fleming's  proposal  I  am  therefore  thoroughly 
in  accord.  But  with  reference  to  the  second  part  I  venture  to 
differ  from  him.  I  think  it  -would  be  a  mistake  that  we  should 
assume,  or  in  any  way  suggest  that  it  should  be  recognised  that 
there  are  no  laboratories  in.  this  country  for  the  carrying  out  of 


1885.]  DISCUSSION.  BIT 

electrical  research.  I  would  like  to  ask  what  is  tLe  main  duty  of 
the  physical  laboratories  of  the  "Universities,  There  are  the 
funds ;  there  certainly  is  the  apparaluci ;  there  exist  the  men — the 
most  able  men  in  many  cases,  that  the  world  can  produce — and 
what  more  can  be  desired  ?  In  many  cases  a  great  deal  of  very 
valuable  originnl  work  comes  from  these  laboratories ;  but  in 
others  I  must  confess  that  hardly  suflBcient  attention  is  given  to 
original  work ;  and  this,  it  appears  to  me,  arises  fi-om  the  fact  that 
the  time  of  the  professors  is  in  tbese  cases  to  a  great  extent 
wrongly  employed — not  from  their  own  fiiult,  but  because,  instead 
of  being  allowed  to  instil  into  their  students  the  enthusiasm  for 
original  research,  the  professors  are  required  to  train  those 
students  merely  to  pass  examinations.  We  are  at  the  iiresent 
moment — the  whole  of  Great  Britain  is  at  the  present  moment — 
cursed  with  a  sort  of  Chinese  mania  for  examinations.  I  can 
foresee  to  what  that  mania  will  lead,  because  I  have  seen  Canton 
myself,  where  long  ranges  of  examination  cells,  in  which  the 
examinees  are  separately  imprisoned  to  prevent  their  copying, 
show  one  to  what  an  absurdity  this  national  examination  system 
may  be  brought.  The  business  of  the  professors  in  our  I'niver- 
sities,  as  distinguished  from  the  mere  business  of  teachers  at 
schools,  should  be  to  train  students  in  research,  and  not  to  merely 
cram  them  up  so  that  they  may  pour  out  a  certain  amount  of 
cutr«nd-dry  information  on  a  certain  day,  and  then  forget  it  all  as 
soon  aa  they  can.  Well,  then,  I  think  that  it  would  be  a  national 
misfortune  if  we  were  to  assume,  or  ask  for  it  to  be  recognised, 
that  it  was  not  the  duty  of  these  professors  to  carry  out  thLs 
research  work,  or  to  suggest  that  any  other  machinery  was 
required  for  increasing  our  knowledge  of  imknown  physical  laws. 
These  professors  have  the  apparatus  and  scientific  ability,  tmd 
in  many  cases  the  means ;  what  is  solely  wanted  is  the  time,  and 
possibly  in  some  cases  extra  assistance.  Therefore,  as  far  as 
regards  the  second  part  of  Dr.  Fleming's  japer,  and  the  second 
jiart.  of  his  recommendation,  I  would  venture  to  suggest  his  with- 
holding that  altogether,  and  merely  recuramendiug  that  there 
should  be  a  national  testing  establishment  for  the  verification  of 
electrical  apparatus. 
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Mr.  A.  Berxsteix  :  Mr,  President,  I  am  surprised  at  jour  call, 
but  being  tailed  uixm  I  mil  venture  to  make  u  few  remarks  on  llie 
subject  of  Dr.  Fleming's  jjaper. 

There  can  be  no  doubt  that  au  insititute  for  standardising 
electrical  inrtrmnents  is  not  only  desirable,  but  is  almost  a 
necessity  at  the  present  time,  and  I  fully  agree  with  Dr.  Fleming 
on  that  question.  But  it  seems  to  me  that  the  difficulty  under 
which  we  are  labouring  is  not  entirely  obviated  by  the  existence  of 
the  contemplated  institute.  A  certain  difficulty  exists  with  elec- 
trieal  instruments  wliich  ia  not  apparent  to  such  a  degree  in  other 
measuring  apiwinitus. 

If  we  send  a  two-foot  rule  to  Kew,  and  the  same  is  approved, 
we  mny  consider  it  correct,  and  if  it  ia  made  of  proper  material  it 
will  remain  sufficiently  correct  for  all  practical  purposes.  If  a 
piece  is  broken  off,  we  know  that  our  rule  will  no  longer  measure 
two  feet.  A  similar  remark  iipplicB  to  weights.  In  regard  to 
tliermometera,  we  are  not  so  certain  of  their  constancy,  because 
the  glaas  bulb  seems  subject  to  changes,  which  slightly  affect  the 
position  of  the  zero  point ;  but  as  these  probable  changes  are 
known,  they  can  be  taken  into  account. 

With  electric  iustrumenta  we  are  as  yet  in  a  very  unravourable 
position.  We  may  have  our  instruments  statidardiaed  to-day,  but 
we  know  nothing  as  yet  of  their  probable  state  after  four  weeks' 
use.  All  we  are  aware  of  at  the  present  time  is  the  fact  that  our 
instruments — I  refer  to  the  voltmeters  and  ampere-meters  with 
direct  reading — are  more  or  less  subject  to  changes.  As  we  can 
never  ensure  perfect  constancy,  it  would  be  desirable  to  know  the 
amount  of  these  changes,  bo  as  to  get  an  idea  of  the  probable  error 
of  our  measurements. 

Now  it  seema  to  me  that  the  contemplated  institute  will  prove 
very  beneficial  in  this  respect ;  because,  by  frequently  comparing 
our  instruments  with  standards,  we  shall  become  better  acquainted 
with  their  peculiarities,  and  this  will  at  the  same  time  lead  to  the 
construction  of  superior  inatrumenta, 

Mr.  W.  M.  MoRDEY  pointed  out  that  Joule  had  many  years 
ago  used  and  described  an  instrument  for  the  measurement  of 
current,  similar  in  general  yrinci^iles  to  that  sketched   on  the 
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board,  and  called  by  Dr.  Fleming  "Lord  Eayleigb's  dynamometer." 
It  was  a  zero  instrument,  iu  which  the  attraction  between  two 
parallel  coils  was  balanced  against  a  weight  placed  on  a  scale- 
beam.  Mascart  and  Deprcz  had  used  a  similar  instrument  iu 
France.  Deprez  called  it  "Mascart's  dynamometer."  He  asked 
whether  it  should  not  be  called  after  Jonle. 

Mr.  J.  SwiNBLTiXE :  May  I  ask  what  steps  have  been  taken 
with  regard  to  the  "Nomenclature"  Committee  of  this  f^ociety 
which  was  fonned  a  little  while  ago?  Could  that  committee  be 
amalgamated  with  the  proposed  one;  now  under  discussion  ? 

The  Presidknt  :  Wlint  committee  do  you  refer  to  ? 

Mr.  J.  .Swinburne:  Some  time  ago  a  jiaper  was  read  by 
Professor  Jamieson,  the  result  of  which  was  the  formation  of  a 
committee.  I  want  to  point  out  particularly  that  if  another 
committee  is  formed  to  discuss  the  ad\isability  of  adopting  or 
rejecting  the  new  ohm,  it  should  consist  largely  of  those  who 
make  bridges  or  constantly  use  them.  Such  committees  are  too 
apt  to  he  formed  of  men  who  are  scientific  only. 

Tlie  Preside.\t  :  I  think  that  the  proposition  now  under  dis- 
cussion is  so  totally  different  in  character  to  the  subject  that  the 
other  committee  was  formed  for,  that  it  would  be  very  much 
better  to  have  a  separate  committee  for  it. 

At  the  request  of  the  President,  Mr.  BiGGS  made  the  following 
proposition; — "That  this  meeting  desires  the  Council  of  the 
Society  to  consider  the  best  means  by  which  the  standardising  of 
electrical  apparatus  can  preferalily  be  carried  into  effect,  as  sug- 
gested in  the  ]paper  communicated  by  Dr.  Fleming  this  evening;" 
and  added :  I  consider  t.hat  it.  would  be  leaving  the  whole 
idea  in  the  hands  of  the  Council,  because  I  think  that  they  should 
see  and  discuss  for  themselves  the  best  means  by  which  they 
eould  carry  this  into  effect.  It  is  almost  impossible  at  a  meeting 
of  this  kind  to  discuss  ways  and  means.  Various  ideas  have  been 
thrown  out  which  can  be  considered  by  the  Council,  and  they  will 
select  the  best  men  in  their  judgment. 

Mr.  J.  Mu.VKO:  I  beg  to  second  it. 

The  President  then  put  the  motion  to  the  meeting,  and  it 
was  carried  unanimously. 
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The  President  called  upon  Dr.  Fleming  to  reply  to  the 
diacossion. 

Dr.  Flemisg:  I  must  first,  Sir,  tliank  tlie  Society  vpry 
sincerely  for  the  very  kind  way  in  which  this  iiaper  has  been 
received.  5Iy  object  was,  not  to  dogmatically  state  any  opinions 
of  my  own,  but,  by  throwing  oat  a  few  suggestions,  to  give 
opportunity  to  the  Society  to  exjjresfl  its  views  upon  the  matter; 
and  I  may  claim  to  have  succeeded  in  my  object,  as  the  ojtinioD 
of  very  many  members  has  been  expressed  upon  the  subject.  I 
fully  concur  with  the  remarks  which  fell  from  Professor  Ayrton 
and  others  that  any  proposition  for  aiding  quantitative  research 
should  not  be  included  in  a  proposal  for  a  standardising  labora- 
tory. \Vliat  is  wanted  is  to  be  able  to  send  any  electrical 
measuring  instrument  to  some  place  to  be  checked  against 
acknowledged  standards,  to  jget  it  done  quickly,  and  to  get  it 
done  for  nothing  if  possible,  or  at  least  for  as  little  as  giossible. 

With  respect  to  one  criticism  which  has  been  made — to  the 
effect  that  the  Uritish  Association  unit  was  adopted  hastily — I 
think  that  anyone  who  has  made  himself  acquainted  with  the 
amount  of  research  and  the  experiments  carried  out  by  the  very 
first  authorities  on  this  question,  must  be  led  to  the  couclugion 
that,  although  differing,  as  we  now  know,  from  the  theoretical 
value  aimed  at,  it  represented  the  best  that  skill  aud  industry 
could  do  at  that  time.  Anyone  wlio  has,  for  instance,  care- 
fiiliy  studied  Lord  Rayleigh's  ^lapera,  must  rise  from  them  vrith 
the  conviction  that  it  is  no  easy  work  to  secure  the  result  desirt-d. 

Coming  back  to  the  real  question  at  issue,  it  is  evident  from 
what  has  been  said  that  if  adequate  provision  could  be  made  for 
such  standardising  as  is  required,  its  convenience  would  be 
felt  in  all  directions.  As  Mr.  Crompton  has  well  said,  no  manu- 
facturer can  undertake  the  work,  or  carry  it  on  under  the 
required  conditions.  I  have  not  alluded  particularly  to  the 
question  of  a  standard  of  light,  but,  as  General  Webber  has 
alluded  to  it,  I  may  say  that  the  standard  I  am  using  at  present 
is  the  pear  oil,  or  acetate  of  amyl,  lamp,  made  by  Messrs. 
Siemens  &,  Co.,  and  which,  under  certain  conditions,  is  a  great 
improvement  on  the  8ta.udftY4  candle. 
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In  coiicliuion,  whilst  desiring  very  earnestly  that  provision 
should  be  made  for  some  such  standardising  laboratory,  the  other 
work  mentioned  as  possible  alongside  of  it  ought  certainly  to  be 
left  as  proper  for  the  existing  physical  laboratories ;  and  there  ie 
no  doubt  that  more  quantitative  research  of  this  land  would  be 
undertaken  if  laboratories  were  better  provided  with  apparatus, 
and  the  professors  in  them  relieved  of  a  good  deal  of  what 
Professor  Ayrton  has  called  the  Chinese  system  of  examinations, 
which  occupies  the  time  of  those  who  are  best  able  to  conduct 
reaearch  in  teaching  the  elements  of  practical  physics  to  young 
gentlemen  preparing  for  competitive  esaminations. 

The  President:  Gentlemen,  I  will  ask  you  to  accord  to 
Dr.  Fleming  a  hearty  vote  of  thanks  for  his  most  excellent  paper. 
(Carried  unanimously.) 

I  liave  the  honour  of  announcing  that  the  Annual  General 
Meeting  will  take  place  on  the  lOth  December  nest. 

A  ballot  took  place,  at  which  the  following  were  elected: — 

Foreign  Sf ember: 
Louis  Maicbe. 


Joseph  Appleton. 

Arthur  C*cil  Curtis-Hay  ward. 

Mai  Kotyra. 

William  James  Mackenzie, 


Assoc  latea : 

William  Henry  Masters. 
Frederick  WilUam  Neale. 
Frederic  Charles  Rowan. 
John  William  Turner. 


StudentB : 


William  Henry  CoUis. 


T.  G.  M.  Ladds. 


The  meeting  then  adjourned  till  December  10th,  1S85. 
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The  Fourteentli  Annual  General  Meeting  of  the  Society  was  held 
at  the  Institution  of  Civil  Engineers,  25,  Great  George 
Street,  Westminster,  on  Thursday  evening,  10th  DecembCT, 
1885 — Mr.  C.  E,  SpagNOLETTI,  M.  Inst.  C.E.,  President,  in 
the  chair. 

The  yninutes  of  the  previous  meeting  were  read  and  confirmed. 

The  President  anuomiced  that  the  ballot  for  the  election  of 
Members  of  Council  and  OfEcers  would  take  place  that  evening, 
and  that  the  ballot-box  would  remain  open  until  8.30  p.m. 

Mr.  J.  Aylmer  and  Jlr.  Gordon  Wigan,  M.A.,  were  appointed 
Scrutineers  of  the  ballot. 

The  uames  of  new  members  were  announced  and  suspended. 

The  following  transfers  were  announced  as  having  been  made, 
on  the  approval  of  the  Council,  from  the  class  of  Students  to 
that  of  Assoviates : — 


Mr.  H.  W.  Ansell. 
„    0.  Bnnie. 
„    E.  J.  M.  Claphnm. 
..    H.  J.  Eck. 


Mr.  P.  J.  Gomez. 
„  C.  V.  Porter. 
„  II.  L.  Webb. 
„    II.  M.  Window. 


Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Mr,  H.  M.  Brunei  and  from 
the  Institution  of  Cii.-il  Engineers. 

The  SecRETaby  remarked  that  Mr.  Branel'H  donation,  though 
comparatively  small  in  one  sense,  possessed  importance  in  another 
sense,  seeing  that  the  book  presented  was  one  of  the  early 
pamphlets  of  Sir  WilUam  Fothergill  Cooke  on  railway  tele- 
graphs, a  copy  of  whicii  was  missing  from  the  Ronald's  historical 
collection.  Mr.  Brum-l  had  heard  of  the  incompleteness  of  the 
Society's  Library  in  that  respect,  and  had  kindly  presented  a 
copy. 

An  interesting  donation  had  also  been  received  from  .^L 
Gaston  Plante,  through  Jtr.  W,  H.  Preece,  by  whc«e  good  offieey 
it  had  been  secured. 

Mr.  W.  H.  PREECE:  M.  Plante,  in  the  early  part  of  18S4, 
sent  to  the  Inventioua  Ysiu!bVt\oti.  a  ss'^c,\niftu  of  envying  on 
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;la6s  by  bin  rheoatatic  machine,  and  also  a  jjicture  of  iieculiar 
arborisations  produced  on  sulphur  by  the  same  machine ;  and  be 
ote  me,  after  the  close  of  the  Eibibition,  to  say  tLat  he  would 
ave  great  pleasure  in  presenting  these  specimens  to  the  Society 
of  Telegraph-Engineers,  and,  in  his  name,  I  have  to-day  presented 
them  to  the  Council  for  the  purpose  of  their  suspension  in  the 
Library. 

{The  speeimens  were  on  view  before  the  meeting.) 
A  vote  of  thanks  was  accorded  to  the  donors  for  their  presents. 
The   Presides!  remarked   that   a   suitable   letter  of  thanks 
would  be  addressed  to  M.  &aston  Plante  in  acknowledgment  of 

Ibis  specimens. 
I      The  SecretakY  read  the  following  Report  of  the  Council : — 
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The  number  of  elections  into  the  Society  during  the  year 
somewhat  exceeds  that  of  1884,  and  eomprisea  7  Foreign  Members, 
5  Members,  71  Associates,  and  22  Students — total,  105. 

Besides  these,  14  candidates  have  been  approved  for  ballot  at 
our  first  meeting  uext  month. 

I  By  deaths  and  resignations  our  losses  have  been  as  follow : — 
1  Honorary  Member,  4  Foreign  Members,  17  Members,  12 
Associates,  and  1  Student — total,  3-5. 

Among  the  deaths  we  have  to  lament  the  loss  of  Dr.  Edward 
Davy,  whose  early  labours  in  connection  with  the  apphcation  of 
electricity  to  telegraphic  purposes  were  publicly  recognised  by  the 
Society  in  electing  him  an  Honorary  JMember  last  year.  Mons. 
de  St.  Martial  (Foreign  Sleraber),  Mr.  W.  L.  Teniant,  General 
C.  Douglas,  R.A.,  General  Sir  P.  Seratchley,  H.E.,  and  Professor 
tleeming  Jeukiu — distinguished  as  one  of  the  most  advanced 
electricians  and  electrical  engineers  of  oui'  time,  and  some  account 
of  whose  important  laliours  was  given  in  Part  57  of  the  Journal 
•^have  also  been  taken  from  us. 

The  Institution  of  Civil  Engineers  continues  to  extend  to  the 
Society  the  great  pri\'ilege  of  holding  its  general  meetings  in 
their  lecture  hall, 

It  will  be  observed  by  the  subjoined  list  of  ihe  ^^^%  t«6&. 
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before  the  Society  during  the  sesaion  that  the  subjects  of  which 
they  treat  embrace  both  practice  and  theory,  and  that  they  axe 
not  confined  to  any  one  branch  of  electrical  science. 


LIST  OF  PAPEB8  HEAD  BEFOEE  THE  SOCIETI  DURING  THK 


YEAH  ISSG. 

Da«.  Titli, 
Feb.  12, — On  some  Expcrimenls  in  Electro- 
typing  with  a  Dynamo-electric 
Macbine,  ciirried  out  at  the 
Ordnance  Survey  Office,  South- 
ampton 

„  12, — The  Working  of  Bailway  Bignala 
and  Points  by  Elect ro-Bt ago eti, 
and  Controlling  thein  in  con- 
junction with  a  Complete  Block 
Bystein  Elfloieiitly  nnd  Econu- 
micallj  by  a  Current  from  a 
Primary  or  Secondary  Uattery 
]llar,  12. — On  Constant  Electro-inotive  Forte 
iu  an  Electric  Light  Oirouit  ... 

„     as.— On  Ihe  Seal  of  the  Electro-motive 
Forces  in  a  Voltaic  Cell 
Xaj   14. — Electrical    Deflnitians,    Nomen- 
clature, and  Notation  

„  2B. — Ship  Lighting  by  Glow  Lamps, 
emliodying  Renulta  of  Trial  for 
Economy  on  H.M.S."CoIibsub" 

„  28,— Electric  Lighting  at  the  FurtU 
Btidge  ■Works 

June  11, — On  tlie  Calculation  of  Blaini  for 
the  Distribution  of  Electricity 

Nov.  la.— The  Telegraphs  of  tlnj  Nile 
Eipeditiun  

„  28. — On  the  Neceaiity  for  a  National 
Btanilardieing  Laboratory  fur 
Electrical  Instrumentfl 
Deo.  10.— A  Method  of  Eliminating  the 
Effects  of  Earth  and  Polarisa- 
tion Currents  in  Fault  Tesliug 


10.— A  Method  of  Localising  n  Fault 
in  a.  Cable  by  Teats  Irom  One 
End  only 


Al^TUOX. 


Capt.    H.    It.    SiKUi,    B.E^ 

Associate. 


iLuua  A.  TtMHis,  U.  Inat.  ^LR. 

Sir  Davio  Salohohs,  Burt.,  M.A., 

Uember. 

Prof.  Olitee  J.  LoDOB,  D.Bo, 

Prof.  ANnniw  Jauiisoh,  F.Bj8,E., 

Member. 


J,  Fabqueubsoit,  Member. 

J.  N.  SnootHHBD,  BM.,  M.  Init. 

0-E,,  Member. 

W.  H.  Snell,  Associate, 

Mnjor-Gen.  WBEBan.  O.B.,  (Eel.) 
B.E.,  Past-President. 


3.  A.  Fleulvg,  M.A.,  D.Sc,  Nemh. 


W.  J.  Ml'bpht,  Assistant  Electri. 
ciau,  E.  A  B.  A.  T,  Co.'b  b.s. 
"Great  Northern." 


K,  KttiQEioKD,  Associate. 
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lu  respect  of  those  papera  read  during  the  year  ending 
June  30th,  and  which  were  eligible  for  tompetitiou*  for  the 
Society's  annual  premium,  the  Council  have  made  the  following 
awards : — 

Tlie  Society's  Premium,  value  £10,  to  ProfesBor  Oliver  Lodge, 
for  his  paper,  "  On  the  Seat  of  the  Electro-motive  Forces  in  a 
Voltaic  Cell." 

The  Paris  Electrical  Exhibition  Premium,  value  £5,  to  Mr. 
W.  H.  Snell,  Associate,  for  his  paper,  "On  the  Calculation  of  i\Iains 
for  the  Distribution  of  Electricity." 

The  Fnhie  Premium,  value  £5,  to  Capt.  H.  E.  Sankey,  R.E., 
Associate,  for  hia  paper,  "On  sonic  Experiments  in  Electrotyping 
with  a  Dynamo-electric  Machine," 

As  announced  at  the  Ordinary  General  Meeting  of  Jlay  14tb, 
the  Council,  looking  to  the  importance  of  a  uniform  system  of 
electrical  nomenclature  and  notation,  which  formed  the  subject  of 
Professor  JaJiiieson's  paper  read  on  that  evening,  resolved  to 
appoint  a  comprehensive  and  influential  committee  to  consider  it. 

They  have  satisfaction  in  rejiorting  that,  in  addition  to  the 
assistance  of  a  large  number  of  membera  of  the  Society,  they 
have  obtained  tlie  co-operation  of  nearly  all  the  professors  of 
physics  at  the  universities  and  leading  public  colleges  of  the 
United  Kingdom,  as  well  as  that  of  Mons.  Bluvier,  the  president, 
and  Mons.  E.  Hospitaller,  the  secretary,  of  the  French  committee 
formed  for  a  similar  purpose. 

The  genera!  committee  appointed  a  sub-committee  of  its 
members  to  consider  and  report  upon  the  best,  course  to  be 
pursued  in  dealing  with  the  subject,  and  the  latter  have  already 
made  their  recommendations  as  to  the  different  heads  under 
which  the  chief  work  to  be  undertaken  should  be  done. 

These  recommendations  have  been  approved  and  adopted  by 
the  general  committee,  who  have  appointed  a  sob-committee  to 
carry  out  the  important  work  therein  indicated. 

As  reported  to  the  General  Meeting  of  February  12th,  the 
Council  unanimously  passed  the  following  resolution  in  reference 

*  Pftp«TB  bj  Members  of  the  Council  are  not  eligible. 
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to  the  Electric  Liglitiug  Act,  and  forwarded  a  copy  thereof  to  the 
PreHiilent  of  the  Board  of  Tradie  : — 

"Jieaolved  UTWtnimoiisJy — That  the  Society  of  Telegrai)b- 
Engineers  and  Electricians  iiave  seen  with  regret  that 
since  the  passing  of  the  Electric  Lighting  Act  of  1882 
puhlic  iigliting  by  electricity  has  not  made  thai  ail\ance 
in  this  country  which  was  confidently  anticipated,  and 
hence  there  has  not  been  that  stimulus  to  progress  in 
many  branches  of  el<?ctrical  science  which  might  have 
been  espected,  judging  from  the  history  of  submarine 
telegraphy. 

"That  the  Society,  having  had  tlie  matter  under 
careful  consideration,  have  come  to  the  conclusion  that 
the  restrictions  in  the  said  Electric  Lighting  Act  have 
in  a  great  measure  contributed  to  check  the  advance 
of  public  lighting  by  electricity;  and  they  venture  to 
request  the  President  of  the  Board  of  Trafle  to  consider 
whether  the  said  restrictions  may  not  be  modified  or 
removed." 

The  Council  are  aware  that  equally  strong  representations 
upon  the  subject  were  made  to  the  Board  of  Trade  from  other 
quariers,  and  they  confidently  hope  that  in  the  next  Parliament 
the  matter  will  obtain  that  attention  which  it  deserves,  and  that 
such  amendments  in  the  Act  will  be  made  as  to  render  it  a  help, 
rather  than  an  obstruction,  as  it  now  is,  to  the  development  of 
public  and  domestic  lighting  by  electricity. 

Tlie  importance  of  the  subject  treated  of  by  Dr.  Fleming  in 
his  paper  read  on  November  26tb,  namely,  the  necessity  of  a 
national  standardising  laboratory  for  electrical  instruments,  wa» 
at  once  recognised  by  the  meeting,  which  passed  a  resolntion 
requesting  the  Council  to  consider  the  best  means  of  carrying  into 
effect  the  suggestions  contained  in  Dr.  Fleming's  paper. 

The  matter  will  accordingly  receive  the  careful  attention  of 
jour  Council. 

The  Society's  Library,  as  will  be  seen  by  the  Librarian's 
iJeporf,  continues  to  receive  im\«i-rt.avi.l  ^.^eaalons  througli  the 
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liberality  of  not  only  our  own  members,  but  of  other  writers  on 
electricftl  aubjects. 

In  June  laat,  upon  the  invitation  of  the  President,  who  has 
br  so  many  years  been  intimately  connectecl  with  the  Great 
Western  Bailway  CompAuy,  the  members  enjoyed  a  most  agree- 
able visit  to  the  comprehensive  engineering  works  of  that 
company  at  Swindon,  the  machinery  in  the  various  branches  of 
the  vast  establishment  being  most  courteously  and  ably  explained 
by  the  members  of  the  staff  of  the  iocomotive  department. 

Although  the  Annual  Balance  Sheet  can  only  be  made  up 
after  the  close  of  the  year,  the  Honorary  Treasurer  is  enabled 
to  report  that  the  financial  position  of  the  Society  is  satisfactory; 
a  further  amount  of  £120  on  account  of  life  compositions  has 
been  invested  during  the  year. 

The  subscribers  to  the  Guarantee  Fund  of  the  Vienna 
Electrical  Exhibition  very  liberally  presented  the  surplus  of  the 
fund,  amounting  to  £21  18s.  lOd.,  to  the  Society  for  the  purposes 
of  the  Library,  or  towards  forming  the  nucleus  of  a  fund  for 
establishing  a  Laboratory. 

Members  will  have  observed  that  the  form  of  balloting  list 
for  the  Annual  Election  baa  been  amended,  and  that  the  number 
of  members  and  associates  recommended  as  eligible  to  fill  the 
vacancies  on  the  Council  is  double  that  of  the  vacancies. 


LIBRAHIAITS   REPORT. 


'.  IT,  Webb,  Esq.,  Ptcember  8(A,  1885. 

Secretary, 

^  Society  of  Telegraph-Engintera  and  Eleetriciant. 

Dear  Sm, 
I  have  the  pleasure  to  hand  you,  for  the  information  of  the 
uncil,  my  Sixth  Annual  Report  on  the  Library  of  the  Society. 
The  year  1885  has  been  a  somewhat  uneventful  year  in  the 
annala  of  electricity.  There  have  been  no  very  great  discoveries, 
and  nothing  much  beyond  great  depression  of  trade, to  occupy  the 
minds  of  electrical  engineers;  and  it  is  the  latter  circumstance, 
I  believe,  which  will  account  for   the  slight  falling  off  in  the 
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numher  of  those  who  have  referred  to  th«  treasures  whicL  an 
contained  in  the  Society's  Library.  The  number  of  those  who 
have  signed  the  visitors'  hook  amounts  to  461,  of  which  167  are 
non -members. 

The  collection  of  the  Electrical  Specifications  of  Patents 
continnes  to  form  an  importimt  duty  in  the  Library.  These  have 
been  carefully  kept  up  during  the  year,  and  those  recently 
published  have  been  available  for  rL-ference  week  by  week.  The 
activity  which  was  displayed  in  the  Patent  Office  on  the  inaugura- 
tion of  the  new  Act  of  Parliament,  and  during  the  first  year  of  its 
operation,  has  not  been  kept  up,  and  there  has  been  a  marked 
falling  off  in  the  number  of  applications  for  patents,  although  the 
number  of  those  having  reference  to  electricity  has  been  very 
nearly  up  to  the  average.  The  number  of  applications  up  to 
December  4th  amounted  to  14,872,  against  15,S19  for  the  eleven 
months  ending  December  1st,  1884.  The  applications  relating 
to  electricity  omotmt  to  1,048,  or  7'04  per  cent.  The  following 
table  will  show  the  number  of  electrical  patents  which  have  been 
applied  for  during  the  past  sis  years : — 


lata. 

1B31. 

i§a:!. 

1B93. 

ISM. 

l«SI. 

sso 

4B0 

6t5 

Ii20 

1,095 

1,048 

As  far  as  I  have  up  to  the  i)resent  been  able  to  complete  my 
figures,  I  find  that  out  of  the   1,048  applications  for  electrical 

patents  just  over  800  had  been  accepted  up  to  the  1st  December. 

1  am  glad  to  be  able  to  report  that  H.M.  Commissioners  of 
Patents  acceded  to  an  application  which  I  made  to  them  for 
the  MltiBtrated  Journal  of  Patented  Inventions,  and  a  complete 
set  has  been  presented,  and  we  receive  the  numbers  as  they  are 
[lublisbed.  This  journal,  which  is  similar  to  the  journal  publishetl 
by  the  United  States  Patent  Office,  is  the  greatest  advancement 
which  has  been  made  by  H.SL  Commissioners,  as  it  contains  well- 
illustrated  abstracts  of  the  published  specifications. 

All  the  published  abridgments  of  patents  relating  to  electricity 
are  now  in  the  Library,  and  the  thanks  of  the  Society  are  again 
due  to  H.M.  Commissioners  of  Patents,  and  to  Mr.  R.  Morris,  the 
.Superintendent  of  the  Store  Tle^'iiVm.ftts.t,  fet  the  -prompt  manner 
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in   which   my  applications   have   been   acceded  to,  and  for  the 

assigtance  which  we  receive  in  obtaining  the  specifications  ae  soon 

as  published. 

The  additions  to  the  Library  during  the  year  have  been  very 

numeroufl,   and   number  nearly    260   separate   works,   many   of 

considerable  value  and   importance.     A  catalogue  of  the   more 

recent  accessions  ia  appended  hereto. 

Arrangements   have   been   made  to   exchange   the   Society's 

jonmal   for  several  new  publications,  and  appended  hereto  ia  a  list 

of  the  periodicals  received  by  the  Society. 

I  have  not  the  pleasure  to  announce  any  large  presentations 

such  as  those  the  Library  received  last  year  from  Lady  Siemens 

and  Mr.  J.  G.  Syraons  and  others,  and  I  would  venture  again  to 
draw  the  attention  of  the  members  to  the  desirability  of  adding 
some  of  the  large  standard  scienti6c  works,  which  are  beyond  the 
present  means  at  the  disposal  of  the  Society. 

During  the  year  we  have  made  considerable  progress  towards 
perfecting  the  Society's  Library  by  adding  a  large  number  of 
English  and  foreign  works  which  we  did  not  jTOssess,  and  in  the 
lists  of  accessions  which  have  been  published  from  time  to  time 
in  the  Society's  journal  will  be  found  a  large  number  of  French 
and  German  works  which  have  been  purchased  subject  to  large 
discounts,  and  as  far  as  the  limited  vote  at  the  disposal  of  the 
Library  would  allow. 

The  increased  labour  in  compiling  the  lists  and  keeping  up 
the  collection  of  electrical  specifications,  und  other  reasons,  have 
prevented  me  from  being  able  to  report  the  completion  of  the 
classified  catalogue  of  electrical  works  which  I  have  in  hand,  and 
which  I  have  before  referred  to.  The  cards  are  all  completed 
and  nearly  all  roughly  classified,  and  are  to  a  certain  extent 
available  for  reference.  The  great  percentage  of  foreign  titles, 
however,  and  the  difliculty  of  properly  classifying  them,  is  a  work 
of  such  magnitude  that  it  will  be  some  time  before  I  shall  be  able 
to  report  it  as  thoroughly  completed.  It  has  been  already  found 
of  considerable  value  in  the  Library,  and  will,  when  completed, 
I  venture  to  hope,  be  well  worthy  of  the  Society, 

I  beg  again  to  draw  attention  to  the  want  of  ahelf  a^Ac%  \a 
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the  Library,  and  it  has  been  necessary  during  the  year  to  stow 
away  a  large  number  of  books  in  parcels,  in  order  to  find  room  on 
the  sbelves  for  current  publications,  and  for  those  works  whicli 
are  more  likely  to  be  referred  to. 
I  am, 

Dear  Sir, 

Yours  faithfully, 

A.  J.  FBOST, 

'  L*trorioii. 
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LIBT  OF  PEBIODIOALg   RECEIVED  BY  THE   SOOIETy. 

ENQIJ8R. 

Afiatia  Society  of  Bengal,  Joamal  and  Proce«disgi. 

Cambridge  Philosophical  Suciety,  Proceedings. 

EUctrical  Engineer. 

Electrician. 

Engineer. 

Engineering'. 

EiigliHh  Mechanic  and  World  of  Science. 

Greenwich  Mugnetical  iiiid  Meteorological  Obiarvationi, 

Illustrated  Journal  of  Patented  Inventions. 

Incorporated  Law  Societj  Calendar. 

Iuatitut«  of  PatoDt  Agents,  TranBactiDDS. 

InBtitution  of  Civil  Engineent,  ProceedingB. 

Institution  of  Mechanical  Engineer!,  Proceeding!, 

Iron  and  Steel  InitiCute,  ProoeedingB, 

Jonmal  ot  Science. 

Military  Telegraph  Bnlletin. 

Nature. 

PatentB'  Journal,  OommissianeT!  of. 

Philosophical  Magazine, 

Physical  Society,  Proceeding!. 

Boyal  Doblin  Society,  Trannactions  and  Froceedinp. 

Eoyal  Engineers'  InsUlute,  Proceedings, 

Boyal  Institution,  Proceedings. 

Boyal  Meteorological  Society,  Proceedings, 

Boyal  United  Service  Institntion,  Proceedings. 

Society  of  Art*'  Journal. 

Society  of  Engineers.  Proceeding!. 

Telegraphic  Journal  and  Electrical  Bevlew. 

Telegraphist, 

UniverBity  College  Cd.^vad'ir. 
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AMERICAM. 

American  Academy  of  Scicucu  aod  Arls,  Proceeding!. 

Electrical  Ruvicw. 

Electrical  Worltt. 

Electrician  ami  Electrioal  Engineer. 

Franklin  Iiijtitnte,  Jounml  of. 

Jobn  HopkioB  University  Oaleadar. 

Journal  of  tiio  Telegrapii. 

Library  of  Oorniill  Dniversily, 

Ordnance  Department  ot  the  United  States,  Noleg. 

Science. 

Bcientillc  Amc-rican. 

BmitJiaonian  Institution  Repnrti. 

United  Stales  Patent  Office,  Official  Qazctte  ot. 

FRENCH. 

Annalea  Tfl£grap1iiqties. 

Bulletin  de  la  Si>ci£tc  BcientifiqUQ  Indiutrielle  de  Marseille, 

Cmmoe  lei  Uondei. 

Journal  de  Physique. 

Journal  da  Oaz  et  de  rEleclricitfi. 

Journal  Ti'l^graphique, 

La  Lnmlc're  Electrique. 

Le  Franklin. 

L' Electricity. 

L'Electricien. 

Bevue  tDternationale  do  t'Elcctrtcitit  et  de  mi  Applicatlona, 

Boci6t£  Beige  d'Electriciena,  Bulletin  da  la. 

Bocifto  Frani^aiie  de  Fliysique,  8eancec  de  la. 

Booiete  des  lugi'nieura  CiTila,  M^nioires. 

Boeiftf  Interna tiouikle  ins  Electricifna,  Bulletin  de  la. 

OEBHAK. 

Aonalan  der  PUyiik  und  Cliemie. 

Beiblatter  zu  den  Annaleu  dur  Fliyiik  und  diemie. 

Oentralblatt  fur  Elektrotecbnik. 

Der  Elektro  Tecliniker. 

Elettroteehnisclie  Zaitachrift. 

Elect ro-techaischer  Anzeiger. 

Bepertoriam  fur  Eiptrimental-PhyBik  fQr  Physikaliiiclie-Teekn  ill  ■ 

Verba  ndlungen  ilea  Tereins  zur  Befurderung  dea  OewerbfleiueB. 

ZeitBChrift  fiir  EUktroti;cbnik. 

Zuitacliritt  fiir  InstrumenCenkutiile. 

ITALIAK. 

Government  Telegraph  DeparUuent,  Ajinual  Bepott. 
II  TelegrafiaU. 

JAFAlf. 
AnDual  Beport  of  Telegraph  Ifepurtment. 

KUSSIAK. 
Government  Telegrapli  Department,  Annual  Beport. 

BPAKISH. 

La  Electric  id  ad. 
VOL.  XIY.  85 
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ess  VOTES  OF  THANKS.  [Dee.  lOUi, 

The  President  proposed — "That  the  Report  of  the  Council  be 
received  and  adopted,  and  that  the  same  he  printed  in  the 
Proceedings  of  the  Society." 

Professor  W.  G.  Adams  seconded  the  proiwsition,  which  was 
carried  unanimously. 

Professor  J.  Pebrt  proposed — "That  the  cordial  thanks  of  the 
Society  be  presented  to  the  President,  Council,  and  Members  of 
the  Institution  of  Civil  Engineers  for  so  kindly  and  liberally 
continuing  to  permit  the  Society  to  hold  its  general  meetings  in 
the  theatre  of  the  Institution,"  lie  thought  that  a  proposal  of 
that  kind  needed  no  special  words  to  commend  it  to  the  Society 
of  Telegraph-Engineers.  They  had  only  to  look  round  the  room 
and  Bee  the  busts  and  portraits  to  understand  that  they  were  in  a 
room  wliich  had  seen  the  presence  of  all  the  great  civil  engineers 
of  the  century — in  fact,  all  those  men  who  had  done  so  much  for 
Anglo-Saxon  civilisation.  The  Institution  of  Civil  Engineers 
deserved  their  heat  thanks  for  t.he  way  in  which  they  tried  to 
carry  out  the  object  with  which  their  Institution  was  founded, 
namely,  for  civil  engineering  generally.  The  Society's  branch  of 
civil  engineering — electrical  engineering — had  been  nursed  by 
the  Institution  of  Civi!  Engineers  into  the  state  iu  which  it  was 
then  found,  and  if  signs  prescnt.ed  themselves  that  their  branch 
might  overpower  other  branches  of  civil  engineering,  that  Inali- 
tution  deserved  thanks  all  the  more  for  having  supported  it  horn 
the  beginning. 

Mr.  E.  Graves  seconded  the  proposition,  which  was  mrned 
most  heartily. 

The  ballot-box  was  withdrawn. 

The  President  proposed  a  hearty  vote  of  thanks  to  the 
Honorary  Foreign  Secretaries  and  Treasurers.  Good  working 
foreign  secretaries  materially  helped  and  benefited  the  Sodoty, 
and  those  gentlemen  who  at.  jiresent  gave  their  services  really 
rendered  very  material  support,  to  t.he  progress  and  wcllare  of  the 
Society. 

Mr.  F.  H.  Webb  rose  as  an  associate,  and  seconded  the  reso- 
lution. He  did  sn  because  his  official  position  as  Seurelary  enabled 
him,  perhaps  better  tliau  mi^oue  else,  to  bear  testimony  to  the 
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work  which  the  Honorary  Foreign  Secretaries  and  Treasurera 
performed  in  the  interest  of  the  Society.  He  was  qoite  sure  that 
in  many  cases  the  work  muat  be  very  considerable.  Some  of  the 
secretariats  comprised  a  large  number  of  members,  and  the  dis- 
tribution of  the  journals  to  those  members,  the  collection  of  their 
subscriptions,  and  the  correspondence  which  frequently  became 
necessary  between  himself  and  the  local  secretaries,  entailed  much 
trouble  on  them — far  more  than"  in  former  years — and  he  felt  that 
it  was  only  right  that  the  meeting  should  be  made  acquainted 
with  these  facta. 

The  motion  was  carried  unanimously. 

Professor  J.  A.  Fleming  proposed  a  very  hearty  vote  of  thanks 
to  the  Honorary  Treasurer,  Mr.  E.  Graves,  for  his  services  to  the 
Society  during  the  past  year.  He  had  great  pleasure  in  doing  so. 
The  members  had  just  learnt  by  the  Report  ofthe  Council  that  their 
Society  was  in  a  satisfactory  financial  condition,  while  it  was  often 
found  with  societies  and  corporations  that  the  result  of  a  year's 
working  showed  a  balanee  due  to  the  treasurer ;  and  seeing  the 
satisfactory  condition  of  the  Society,  a  vote  of  thanks  was  the  least 
that  could  be  offered  to  its  Honorary  Treasurer. 

Mr.  B.  E.  Cromptoh  seconded  the  proposition,  which  was 
carried  unauiiiiously. 

Mr.  EinvARD  Graves  acknowledged  [the  vote,  and  remarked 
that  during  the  past  year  nothing  had  specially  affected  the 
particular  duties  that  he  had  undertaken  to  perform.  He  sup- 
ported the  observation  as  to  (he  satisfactory  financial  position  of 
the  Society,  but  added  that  it  would  be  still  more  so  if  the  amount 
always  standing  to  unpaid  arrears  were  considerably  lessened :  it 
was  to  some  extent  a  paper  credit. 

Mr.  Desmond  G.  Fitzgerald  moved  that  the  thanks  of  the 
Society  be  presented  to  Mr.  J.  Wagstaff  Blundell  and  Mr.  Frederick 
C.  Danvers  for  their  kind  services  ns  Auditors  of  the  Society.  He 
thought  those  gentlemen  thoronglily  deserved  a  cordial  vote  of 
thanks  for  their  services,  which  were  no  doubt  of  a  very  dry  nature. 

Professor  D.  E,  Hughes  seconded  the  motion,  which  was  unani- 
mously carried. 

Mr.  Alexander  Siemens  moved  that  the  thanks  oE  t.h.«  Sw^'e^-^ 
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be  presented  to  Messrs.  Wilson,  Bristows,  &  Carpmael,  the 
Honorary  Solicitors,  for  their  kind  and  \'aluable  services  rendered 
to  the  Soc-iel y.  through  G.  L.  Bristow,  Esq.  Every  one  knew  that 
it  was  impossible  to  get  through  life  without  a  solicitor,  and  he 
thought  the  tiociety  was  very  much  to  be  congratulated  upon 
having  secured  the  services  of  so  eminent  a  firm  at  so  reasonable 
an  understanding.  It  was  to  be  hoped  that  since  the  great  ques- 
tion of  the  registration  of  the  Society  had  been  sucuessfully 
negotiated  by  them  their  labours  would  not  be  great ;  still  it  was 
satisfactory  to  know  that  such  a  good  firm  was  ready  to  help  if 
necessity  arose. 

Mr.  A.  Sthoh  seconded  the  motion,  whicli  was  carried 
Tinanimously. 

The  following  paper  was  rend  :^ 

A  METHOD  OF  ELLMINATING  THE  EFFECTS  OF 
EARTH  AND  POLARISATION  CURRENTS  IN  FAULT 
TESTING. 

By  Walter  J.  Murphy,  Assistant  Electrician,  E.  &  S.  A.  T.  Co.^ 
S.S.  "  Great  Northern." 

The  yecretary  then  read  the  following  paper:— 

A  METHOD  OF   LOCALISING  A  FAULT   IN  A  CABLE  BY 
TESTS   FROM   ONE   END   ONLl'. 

By  H.  KiNGSFORD,  Associate. 

In  experimenting  some  years  ago  to  discover  a  trustworthy 
method  of  locahsing  a  partial  fault  in  the  case  of  a  laid  cable 
where  no  return  wire  was  available,  unsatisfactory  results  were 
nearly  always  obtained  from  the  application  of  "Blavier'a  testa" 
pure  and  simple. 

I  was  then  led  to  investigate  for  the  first  time  a  formula 
which  until  then  had  never  interested  me ;  total  severances  of 
the  cable,  or  faults  when  both  ends  were  available,  having  so  far 
been  the  only  defects  which  had  occupied  my  attention.  It 
needed,  of  course,  but  little  consideration  to  trace  the  source  of 
error,  as  testing  to  breaks  Kad  assured  me  of  the  well-kuown  £sct 
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that  the  resistance  of  an  end  varies  (as  a  rule  oonsiderably)  in 
some  ratio  to  the  current  through  it,  decreasing,  with  increased 
electro-motive  force,  until  a  minimum  resistance  has  been 
obtained,  A  partial  earth  would,  of  course,  be  affected  in  the 
same  way  by  the  so-called  "  polarisation."  To  obviate  the  error 
due  to  this  fact,  I  devised  a  method  which  I  ahall  presently  state, 
and  an  account  of  which  I  have  long  intended  to  publish.  It  ia 
moat  probable  that  I  should  have  delayed  longer,  being  anxious  to 
publish  at  the  same  time  other  matter  which  I  have  not  yet  had 
time  to  work  into  shape ;  but  I  was  reminded  of  my  intention  by 
reading  a  very  interesting  article  by  Messrs.  J.  Anderaon  and 
A.  E.  Kennelly  in  the  Electrician  of  July  17th,  1885.  These 
gentlemen  recognise  the  source  of  error  which  I  mention  as  accom- 
panying the  simple  "  Blavier's  test,"  and  suggest  for  its  elimina^ 
tion  a  test  the  main  principle  of  which  is  the  same  as  that  which 
characterises  my  own  modification  of  that  method.  For  reasons, 
however,  which  will,  I  think,  be  considered  by  most  electricians 
aa  sufficient,  I  can  but  think  that  my  method  may  in  some  cases 
be  preferable.  That  of  Messrs,  Anderson  and  Kennelly  requires 
an  observer,  battery,  and  a  set  of  instruments  at  each  end  of  the 
cable — a  mode  of  testing  which  would  be  apt  at  times,  I  consider, 
to  involve  some  little  anxiety  at  least  on  the  part  of  the 
resi»onsible  person.  My  method  requires  tests  from  one  end  only, 
and  is  as  follows  : — 

In  order  that  the  current  through  the  fault  may  be  the  same 
when  the  distant  end  is  free  as  when  it  is  to  earth,  proceed  thus : 
First,  by  taking  the  ordinary  "  Blaviers  test,"  approximate  to  dis- 
tance of  fault,  and  let  that  approximation  from  testing  station 
=  I  in  ohms ;  from  that  we  obtain  approximate  resistance  from  the 
Fault  to  the  distant  end  —  y  ohms  — ,  and  approximate  resistance  of 
fault  —  3  ohms  — .  With  these  data  we  go  to  work  to  obtain  an 
approximation  to  the  resistance  which  must  be  inserted  at  the 
home  end  of  the  line  when  testing  cable  free  at  distant  end. 
Should  the  test  be  taken  on  shore,  there  ia  perbnps  no  better 
method  to  adopt  than  that  known  as  reproduced  deflection.  Using 
this  method, 
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Letr=  resistance  of  battery; 
„    r'  =  resistance  of  well-shunted  galvanometer,  or  — j- — - 
„    a  =  E.M.F.  of  battery. 

Then  ;-- =  -?  =  current  tbroueb  fault  when  line  is 

r  +  r'  +  x  +  zf  ^ 

free  at  distant  end ; 

and =  —■=  current  through  x  when  line  is 

r  +  r'  +  X  +  -^-^  ^^  g^^l^  ^^  distant  end. 

a  y 
Portion  of  —  flowing  through  fault  =  roughly   ~g~ 

^  y  +  s 

Let   this   quantity  =  -r  ,  then    h  —  f  will    represent    the    first 

approsimation  for  resistance  t-o  insert,  in  ohms,  or  E,. 

Then,  placing  B,  in  circuit,  wo  now  tEike  another  observation 
with  the  line  free  at  distant  end,  and  then  test  again  from  the 
actual  end  of  cable,  with  the  distant  end  to  earth.  Thus,  in  tho 
same  manner  as  we  procured  x,  y,  z,  and  R,,  we  obtain  a^,  j/,,  ^i,  and 
Rj,  and  so  on  until  we  find  thnt  H„  =  K„  _,.  Results  obtained 
with  this  insertion  will  be  correct  if  the  test  bo  carefiilly  taken. 

On  board  ship  I  prefer  to  use  a  'VMieatstone  bridge,  and  shall 
consider  a  case  in  which  an  even  bridge  is  employed.  Should  it 
be  deemed  advisable  to  use  a  dividing  bridge,  the  necessary  slight 
alteration  in  formula  will,  of  course,  suggest  itself. 

We  first  take  the  simple  «  Elavier'is  test"  as  before,  and  obtain 
from  the  same,  approximations  x,  y,  and  s. 
Let  a  =  E.M.F.  of  battery  ; 
„    r  =  resistance  of  battery ; 
„    r*  =         „         in  either  side  of  bridge ; 
„     K,  Ra,  Rj,  &c.  =  resistance   unplugged  when    eijuili- 

briiim  is  obt-aiued  with  distant  end  free ; 
„     R',  R'„,  R'j,  &c.  =  resistanco   unplugged  when   eqaili- 

briitm  is  obtained  with  distant  end  to  earth  ; 
„     R|,  R^  R,,  &c,  =  first,  scL'ond,  third,  &c.,  approxima- 
tions in  ohms  to  resistance  which  must  be  inserted 
when  testing  line    free  at   distant  end,  R,  being 
insertion. 
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Then,  when  dietaot  end  is  free, 

=  ,-  =   current  through  fault; 

2.  & 


and  nben  distant  end  is  to  earth, 

i ^  +  H-  =2^i^  current  through  "a;." 

r+    ^ ■ 

In  the  some  manner  as  before  we  now  find  quantity  of  —,  flowing 

through  fault.     Let  this  quantity   =n— »  t^ien     R,    will    equal 

2  («-c). 

HaviDg  now   obtained   R,,   we   proceed  as  before  to  obtain 

X,  y',  ^y  always  testing,  of  course,  from  the  actual  end  of  cable 
when  distant  end  is  to  earth.  We  must  proceed  until  insertion 
represented  by  E,  =  that  represented  by  R,_,. 

I  may  hint  with  possible  advantage  to  some  readers  that  it  is 
an  excellent  plan  to  make  up  a  Wheatstone  bridge  of  cable  when 
practicable,  especially  in  cases  when  the  resistance  to  the  fault  is 
small,  and  when  the  fault  is  of  such  a  nature  as  to  require  the 
application  of  a  powerful  electro-motive  force. 

In  cases  where  the  fault  is  considerably  nearer  to  one  end, 
tests  should  be  taken  from  that  end  if  possible.  In  the  case  of  a 
high  resistance  fault  near  the  distant  end  of  the  line,  Ri,  R„  Ac, 
might  at  times  be  so  high  as  to  seriously  interfere  with  the 
sensitiveness  of  the  test;  in  such  cases  the  E.M.F.  must  be 
altered. 

Should  we  find  that  additional  inserted  resistance  makes  no 
difference  iu  result,  we  shall  be  safe,  of  course,  in  accepting  such 
resiUt  as  correct.  As  in  every  instance  iu  which  I  have  employed 
this  method  it  has  given  me  great  satisfaction,  I  uow  publish  it  in 
the  hope  that  others  may  find  it  as  useful  to  them  as  it  has  proved 
to  me. 

At  the  conclusion,  a  vote  of  thanks  was  proposed  and  carried 
by  acclamation. 
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The   Scnitineers   banded   the    result   of    the  ballot   to   the 
President,  who  read  the  following  list ; — 

Preeident : 
Professor  D.  E.  Hcghes,  F.R.S. 

Vice-Presidents : 


Sir  Ciuiu.ES  Briubt,  M.Inat,  C.E. 
EDW4RD  GR4VEa 


Colonel  Sir  Frakcis  Bolton. 
Dr.  J.  HoiKHisON,  M.A.,  F.R.S. 


MemhevB  of  Council  : 


Professor     G.    FoRBEs,     \LA., 
F.R.S.E. 

Professor  John  Perry,  F.R,S. 
Alexasder  Siemens. 
AuGrsTcs  Stroh. 
Professor  SiLVANcs  P.  TnoMP- 
SDN,  B.A.,  D.Sc. 


W.  T.  Ansell. 

Professor  W.  E.  Ayhton,  F.R.S. 
E.  B.  Briuht,  M.  Inst.  C.E. 
Capt.  Pmup  Cardew,  R.E. 
R.  E.  Crompton,  M.  Inst.  C.E. 
William  Crookes,  F.R.S. 
Prof,  J.  A.  Fleming,  M.A.,  D.Sc. 

Associate  Members  of  Council  : 
W.  Lant  Carpenter,  B.A.,  B.Sc.  j   Ctisbert:  Katp. 

John  Musho. 

Ilonorar-y  Treasurer: 

Edward  (jraves,  V.-P. 

Honorary  Secretary: 
Colonel  Sir  FRANaa  Bolton. 
AudUors: 
J.  Wagstafp  Blundell.      I    Frederick  C.  Dan\'ees. 

Honorary  SidicUors: 
Wilson,  Bristows,  &  Cahpmael. 
The  President  :  I  proimse  that  a  hearty  vote  of  thanks  be 
given  to  the  S(;nit ineera  for  their  serviees.  They  have  had  a 
greiit  (leal  of  work  to  do  as  the  result  of  the  new  form  of  ballot, 
and  no  doubt  next  year  steps  must  be  taken  to  render  assistance 
to  those  gentlemen  who  perform  the  duties  on  the  next  occasion. 
I  am  informed  that  to  do  the  work  expeditiously  four  scrutineers 
and  two  clerks  to  assist  them  are  required,  so  great  is  the  interest 
taken  in  the  ballot  for  Members  of  Council. 

The  vote  of  thanks  to  the  Scrutineers  was  carried  unanimously, 
TZie  meeting  adjoutned  UVV  TWisday,  January  28th,  1886. 
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ACCESSIONS  TO  THE  LIBRAHT  FROM  MAY  1  TO  NOV.  28,  1885. 
Br  Alibid  J.  Feost,  Litrariaii, 
(^Workt  marked  that  (*)  hai't  bam  purcliiuid,) 
It  etxiiaai.kti.r  duieabli  tuat  lOHBiaa  suoi-ld  piiaiXT  cofiis  cp  tbub 

irOBU  TO  TUm   LIBBAST   JJI   boon   48   P0S91BLB  AITKS  rUBtlCATIOR. 
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America.    [f'iJo  United  States.] 

American  Academy  of  Arts  and  Sciences.  Proceedinga.  New  Series, 
Vul.  XII.  {Whole  tienes,  Vol.  XX.J  From  May,  1881,  to  May,  1886. 
Sro.    558  pp.  SofCon,  18BS 

Army  Telegraphs.    [I'W«  W*r  Offloe.] 

Asiatic  Society  of  Bengal.  Centenary  EeTiew  of  the  Society  from  1781 
lu  18SJ.    »T0.  C'alcu(l<i,  188G 

Bailey  [AUerman  W.  H.]     Ancient  TelegrapliB,  from  the  fall  ot  Troy  U>  the 

BatUe  of  Waterloo.    870.    21  pp.     [Kc?.id  before  the  MancLeeter  Anso- 

cialionof  EQiployi^r?!,  Ac,  11th  Octt>bBr,  1884,]  Kancftf<t,-r,  1884 

[Preaenied  by  L'oL  bir  Francis  Boltun,  Vice- Free  id  en  t  and  Hon.  t^ec.] 

Baker  [  W.  G,]  Jlagneliam  an  J  Electricity.  A  BpeciQc  subject  of  ioxruotioa 
Id  public  elementary  icboola.    12nio.    144  pp.  London,  1B8S 

Baallfortll,  Tables  tor  Calculating  Bemaining  Velocities  in  Experimtpn's 
with  Small  Shot,  [aeu  Paper  by  Major  W.  McOlintocli,  B.A.,  Ordnanca 
Natit,  No,  321,  Oct.  a:,  1883.]  (Vaih.T^glan,  1B85 

Bentit  [S.  v.]     [Ftda  U.S.A  Ordnance  De  partnient.] 

Bichat  [M.  E,]  et  Blondlot  [M.  B.]    Introduction  i,  I'itude  da  I'Klectricitfi 

Btatique.     evo.     Ml  pp.  PaH;  ISSQ 

Bidwell  [  Shelfurd],  M.A.,  LL.B.  Tlie  Effect  of  Temperature  on  the  Electrical 

Kesiiit^iice   ut   MixlurcH  of  bulphur  and  Carbon.    Svo.  7  pp.    [PM. 

Maj.,  May,  p.  317.]  London,  1882 

p  Od   the  Bleclrical   Beaistancc  of    Carbon   CoDtactt.    8to.     16  pp. 

[Pros.  Roi/.  Soe.,  Ha.  22i.]  London,  1883 

On  a  Method  of  Measuring  Electrical  Bt-nistancei  with  a  Comtant 

Current.    8vo.    3  pp.     [PAil.  Uaij.,  May,  p.  31IJ.]  London,  1BB3 

On  some  Experiments  illustrating  an  Explanation  of  Unirn  Pheno- 
menon.    8vO.    17  pp.     Plate.    [PAiC.  Mag.,  April,  p,  249.]     London,  ISM 

I  On  a  Belation  between  the  Coellicieiit  ot  the  Thomson  Effect  and 

certain  other  Physical  Properties  ut  Meluls.    B\o.    4  pp.    rPme.  Roy, 
I  Bee,  No.  232,  p.  2E.]  Lo^Kbn,  ISSt 

On  the  Sensitivenew  of  Seleninm  to  Light,  and  the  Development  of 

a  similar  Property  in    Sulphur.      Sto.     14  pp.      {Fliil,   Hag.,  Aug., 
p.  1T8.J  Lcmdali.  V«»6 
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Bidwell  [SUelFordl.  M.A.,  IiL.B.     On  the  Changes  produced  by  Ifag;netiia- 

tion  in  the  Length  of  Kuda  uf  Iron,  Bteel,  and  Nickel.    {Ivo.    6  pp. 
IProe.  Ray.  Sat.,     No,  iSlp.  266.]  London,  laSS 

Blavier   [E.  E.]     Influecce   des  OragM  «ur  lea  Lisnefl  BonUrrainea,    8vo. 

tt  pp.     [£x(..  dea  AnnaUi  Til^jraphiqutt,  Mai — Juin,  1883.]     Parii,  1885 

[Presented  by  J.  Ajlnier,  Esq.,  LocaJ  Hon.  Bee,  Paria.] 

Blondlot.     [fW*  Bichiit  et  Blondlot.] 

Bottomler  [W.]    [Fide  Collet.] 

*  Bottone  [B.  B.]     The  Dynamo ;  How  Hade  and  How  Uaed.    8ro.     73  pp. 

London,  IBM 

Boulensti.  Chronograph  :  Its  Dae  for  obtaining  Obierved  VelociticB  in 
Kiperime-'nts  Willi  Small  BUot.  [See  Paper  by  Major  W.  McCliiitock, 
E.A.,  Ordnanca  Ni,Ui,  No.  321 .  Oct.  27,  1883.]  Waihiagton,  1685 

Cambridge  Philosophical  Society.    ProceeJinga.    Vol.  V.,  Part  IV. 

Cambridgi,  1S86 

*  Cantoni  [Giovanni]     Belazioni  fra  la  Folarizzazione  EUettrii^  dei  Coibeoti 

e    la    PolnrizzazioTiH    diii    Magneti,      Ho.      30    pp.      Plato.      [Beale 
Accademiu  dei  Lincei,  Auno  CCLXXX.,  1882-83.]  fiomo,  lsi3 

Christie  [W.  H.  M.],  M.A.,  F.H.8.     [Tide  Artrocomer  Eoyal.] 

[rido  Koyal  Obaersatory,  Greenwich.] 

Clark  [Latimer].  Transit  Tables  tar  ISSB.  Giving  the  Greenwich  mean 
time  ot' I  transit  of  the  sun  and  uf  certain  stars  for  every  day  in 
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ON     THE  DETERMINATION   OF  CHEMICAL   AFFINITY 
IN  TEKMS  OF  E.M,F. 

By  C.  R.  Alder  Wright,  D.Sc,  F.R.S. 

During  the  last  eight  years  the  author  has  carried  out  (partly 
by  himself,  partly  in  conjunction  with  Dr.  Rennie  and  with  AL".  C. 
Thompson)  a  lengthy  Heriea  of  observations  on  certain  points  more 
or  leas  intimately  connected  with  this  problem.*  Whilst  numerous 
matters  of  interest  have  been  examined,  and  a  large  number  of 
numerical  data  have  been  fixed  as  accurately  as  practicable,  the 
main  object  remains  still  imattaiued,  inasmuch  as  all  the  results 
arrived  at  so  far  only  lead  lo  the  conclusions  that  electrical  deter- 
minations alone  are  unlikely  to  afford  the  means  of  readily 
obtaining  exact  measurements  of  the  amounts  of  force  and  energy 
involved  in  the  occurrence  of  chemical  changes,  at  least  so  far  as 
the  more  deep-seated  phases  of  these  reactions  are  concerned. 

The  fundamental  idea  involved  in  the  conception  of  the 
possibility  of  such  measurements  Ijeing  made  was  put  forth  in 
1851  by  Sir  William  Thomson  (Phil.  Mag.,  vol.  ii.,  p.  429),  in  a 
remarkable  paper  on  the  "  Mechanical  Theory  of  Electrolysis," 
From  Faraday's  experiments  it  results  that  when  electrolysis 
occurs  the  weight  of  substance  decomposed  varies — firstly,  as  the 
chemical  equivalent  of  the  substance  ;  and  secondly,  as  the 
quantity  of  electricity  passing.  Or  lu  x.  a  q,  where  w  is  the 
weight  of  substance  decomposed,  a  the  equivalent,  and  q  the 
quantity  of  electricity.      Hence   w  =  aq    x   F,  where  F  is   a 

■  Theie  reaultB  have  bean  mostly  embjtiied  In  a  Berios  of  nine  memoirs, 
i-ead  from  lime  to  time  boFure  the  PbjiIcAl  Baoiety  of  London,  and  pubUshed 
iu  its  procuedingB;  ood  in  the  Phil.  iSag, 
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constant  numexic&I  value  which  may  be  convenientlj  designated 
the  Faraday  coefficient  (as  J  is  the  Joule  coefficient  for  con- 
version of  units  of  lieat  into  mccliaiiicnl  units).  If/  represent 
the  work  done  by  the  force  of  chemical  affinity  in  synthesising  a 
unit  of  weight  of  the  substance  decomposed  from  the  products  of 
decomposition,  the  work  done  may  also  be  written  wf  =  aq  ¥  J. 
Now  BUppoBc  ihe  passage  of  the  current  to  effect  no  other  work 
than  cJiemical  decomposition,  or,  what  amounts  to  the  same  thing, 
let  the  total  work  done  be  corrected  by  subtracting  the  quantity 
done  as  heat  evolution,  &c,  so  that  the  baltince  represents 
chemical  decomposition;  let  the  lowering  of  potential  (E.M.F.) 
occurring  between  the  extremities  of  the  mass  through  which  the 
current  passes  be  (after  this  correction)  e ;  then  the  work  done  as 

chemical  change  iaeq  and  also  =  aqFf,  whence  A/  =  €  x   „■ 

That  is,  the  value  of  the  chemical  affinity  per  gramme  equivalent 
of  comiiound  is  measured  by  a  value  in  E.M.F.  multiplied  by  a 
constant. 

Of  the  heat  evolved  in  the  passage  of  current  through  an 
electrolyte  a  certain  portion  is  due  to  the  resistance  proper  of 
the  medium,  being  in  accordance  with  Joule's  law  C°  R  (,  where  C 
is  the  current,  R  the  resistance,  and  t  the  time  of  passage.  In  most 
cases  the  heat  actually  evolved  differs  from  this  quantity,  usually 
(but  not  invariably)  exceeding  it.  When  actual  decomposition 
unmodified  by  secondary  changes  involving  alteration  of  the 
electrodes  is  effected  {e.g.,  acidulated  water  with  platinum 
electrodes),  the  amount  of  heat  absorbed  in  the  act  of  breaking 
np  the  electrolyte  into  the  final  free  products  of  decomposition 
{e.g.,  free  oxygen  and  hydrogen  at  the  ordinary  temperature  and 
pressure)  can  be  calculated  by  observing  the  mean  potential 
difference  subsisting  during  the  experiment,  and  subtracting 
therefrom  the  E.M.F.  corresponding  with  the  heat  developed 
(ascertained  by  the  calorimeter).  Conversely,  if  the  heat  set 
free  during  synthesis  of  the  electrolyte  from  the  final  products 
be  known  previously,  such  observations  afford  a  means  of  deducing 
on  the  one  hand  a  valuation  of  J,  or  on  the  other  of  the  E.M.F. 
standard  employed  (whicb  vn  ^iractice  amounts  to  a  valuation  of 
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the  reaistance  unit).  Some  of  the  earliest  of  these  researches 
made  in  conjunction  with  Dr.  Eennie  led  to  the  following  result- 
viz.,  that  whilst  the  moat  tniatworthy  calorimetric  experiments 
on  record  give  34,100  grammes  of  water  raised  from  0  to  1°  C. 
as  the  heat  evolution  during  aynthasis  of  8'98  grammes  of  water 
from  1  gmmme  of  hydrogen  and  7'98  grammas  of  oiygen  at 
ordinary  temperature  and  pressure,  and  whilst  this  value  corre- 
sponds with  l"5038x  10'  C.G.S.  units,  taking  the  most  probable 
values  (at  that  time)  for  F  and  J,  the  actually  observed  E.M.F. 
(deduced  from  the  heat  evolution  as  measured  by  the  calorimeter 
Bubtracted  from  the  mean  potential  difference  between  the 
electrodes)  was  I'SOOS  x  10',  with  a  probable  error  of  0048  x  10". 
When  corrected  in  accordance  with  more  recent  researches — more 
especially  those  of  Lord  Ray leigh— these  values  are  found  to  be 
equally  consistent  with  the  present  more  accurately  known 
values  for  the  B.A.  resistance  unit  and  J,  and,  taken  in  conjunction 
with  Joule's  most  trustworthy  results  afford  an  additional  indica- 
tion that  the  B.A.  unit  of  resistance  is  incorrect  by  upwards  of  1 
per  cent. 

The  heat  evolution  due  to  resistance  proper,  C*  B  i,  may  be 
written  e*  q,  where  g  is  the  quantity  of  electricity  [lassing  as 
before,  and  e'  a  value  in  E.M.F.  If  E  represent  the  potential 
difference  between  the  electrodes,  E  —  e'  will  represent  the 
E.M.F.  which  corresponds  with  the  work  done  in  effecting  the 
decomposition  of  the  electrolyte  into  "  nascent "  products,  often 
spoken  of  as  counter  dectro-Tiiotive  Jorce.  lATien  the  actual  heat 
evolution  differs  from  e'  q,  it  is  because  secondary  actions  take 
place,  either  through  the  action  of  the  "nascent  "  products  upon 
the  electrodes,  or  through  their  own  spontaneous  alteration 
forming  the  permanent  products  (thus  it  may  be  supposed  that 
free  atoms,  say  of  hydrogen  and  oxygen,  are  primarily  evolved, 
and  these  "nascent"  forma  coalesce  subsequently  into  motecnlee). 
A  large  number  of  observations  have  been  made  on  the  actual 
values  of  the  quantity  E  —  e'  with  various  electrolytes,  electrodes, 
and  current  densities ;  these  experiments  as  a  whole  lead  to  the 
conclusion  that  whenever  secondary  actions  take  place,  whether 
by  spontaneous  rearrangement  of  "  nascent "  products  or  b^  tb* 
VOL.  xtv.  36 
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sctiott  (pbyBical  or  chemical)  of   these  upon  the  electrodes,  a 
portion,   varying  with  circum stances,   of  the  energy  gained  by 
these  secondary  causes  tends  to  aid  the  primary  current,  thus 
bringing  about  a  less  lowering  of  potential  between  the  electrodes 
than  would  otherwise  be  requisite.   In  certain  cases  this  adjuvaTtt 
action  due  to  secondary  causes  is  of  such  magnitude  as  to  more 
than  counterbalance  the  fall  in  pj^ential  due  to  primary  causes, 
so  that  on  the  whole,  instead  of  a  lowering,  a  raising  of  poteotial 
ensues  as  the  current   flows.     Cells  where  this   occurs   do   not 
require  a  current  ab  extenw  at  all  to  create  potential  difference; 
they  constitute   voltaic  elements  or  electro-motora,  but   in  all 
respects  they  are  subject  to  the  same  uifluencea  as  decomposing 
cells  iu  which  actual  fall  of  potential  is  brought  about,  excepting 
that  the  direction  in  which  the  influence  works  is  opposite.   Thus, 
cifieris  paribus,  the  value  of  the   counter  E.M.F.  E  —  e'  in  a 
decomposing  cell  invariably  increases  with  the  current  density. 
With   a  voltaic   element   in   which  E  —  e'  is   opposite   in   sign 
(negative  counter  electro-motive  force),  the  numerical  value  of 
this  quantity  (i.e.,  the  E.M.F.  of  the  cell  viewed  as  a  generator 
of  electricity)  decreases  with  increasing  current  density.     In  both 
cases  the   variation   ia   due   to  the   same   cause,  \iz.,   that   the 
amount  of  adjuvant  energy  due  to  secondary  causes  decreases 
and  the  amount  of  iiOTLadjitwint  energy  increases  with  increasing 
corrent  density. 

In  connection  with  this  subject  the  erperiments  carried  oat 
naturally  fall  into  two  classes,  viz.,  those  made  with  decomposing 
cells  and  those  with  electro-motora;  and  in  each  case  phenomena 
of  interest  have  been  examined,  varying  according  as  currents  of 
minute  or  of  considerable  density  were  used.  Firstly,  as  regards 
decomposing  cells,  a  number  of  observations  have  been  made  on 
points  connected  with  the  physical  adherence  of  products  of 
decomposition  to  the  electrodes ;  this  physical  adherence  causes 
the  cell  to  posseae  the  property  of  giving  a  current  spontaneously 
in  the  reverse  direction  for  a  longer  or  shorter  time  after  the 
primary  current  is  broken,  the  films  of  decomposition  products 
adhering  to  the  electrodes  giving  to  the  whole  the  character  of  a 
voltaic    electro-motot.       ^'hilst  examining  this   subject,  more 
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especially  with  reference  to  the  decomposition  of  aciJulated 
water  with  platinum  electrodea,  an  amount  of  evidence  was  gained 
tending  to  prove  that  the  sometimes  alleged  possibility  of  passage 
of  electricity  through  an  electrolyte  without  producing  decom- 
position is  actually  non-eristent,  electrolysis  always  occurring 
but  the  products  not  becoming  visible — firstly,  through  their 
adherence  to  the  electrodes,  and,  secondly,  through  their  gradual 
ranoval  therefrom  by  solution  and  diffusion :  in  other  words, 
Faraday's  law  of  prop ort ion aUty  between  quantity  of  electricity 
passing  and  amount  of  decomposition  holds  even  with  the 
feeblest  currents.  In  the  course  of  these  experiments  it  was  found 
that  electrolysis  of  acidulated  water  may  take  place  with  potential 
differences  very  far  below  TS  volt,  tLe  E.M.F.  corresponding  with 
the  heat  of  formation  of  liquid  water  from  gaseous  hydrogen  and 
oxygen  ;  in  fact,  an  E.M.F.  of  less  than  0-1  volt, and  even  abarely 
measurable  EJSl.F.,  will  suffice;  which  appears  to  indicate  that 
the  adjuvant  energy  due  to  the  physical  attractions  between  the 
evolved  products  and  the  electrode  surfaces  is  very  large,  approxi- 
mating to  Va  volt  under  suitable  conditions;  or,  in  other  words, 
the  heat  evolution  during  the  condensation  of  hydrogen  on  the 
one  hand  and  oxygen  on  the  other  to  attracted  or  occluded  films 
or  auras  of  adherent  gas,  amounts  in  the  aggregate  when  at  its 
maximum  to  something  not  far  short  of,  if  not  exceeding,  34,100 
gramme  degrees  per  gramme-equivalent  of  the  two  elements 
severally  and  jointly. 

With  currents  of  sufficient  magnitude  to  produce  visible 
evolution  of  gas  the  value  of  E  —  e'  for  water  invariably  exceeds 
1'3  volt.  A  large  number  of  experiments  have  been  made  with 
the  view  of  obtaining  accurate  co-ordinate  values  for  curves  cor- 
relating density  of  current  and  counter  E.M.F.  for  different  sorts 
of  electrodes  (platinum,  gold,  carbon,  &c.).  These  curves,  if 
capable  of  mathematical  expression  by  exponential  equations, 
or  otherwise  suitably,  should  lead  to  limiting  values  forE  —  e' 
when  the  density  becomes  infinite.  Various  approximations  in 
this  direction  have  been  obtaiued  with  different  substances ;  but 
exact  figures  are  very  difficult  to  deduce,  and  require  much 
laborious  work.     For  water  the  limiting  value  \ias\ie«o.lQ^3coSi.'w» 
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be  at  least  upwards  of  4  volts;  i.e.,  the  heat  development  during 
the  re-arrangement  of  "  nascent "  hydrogen  and  oxygen  into  the 
ordinary  gaseous  forms  of  these  bodies  is  in  the  aggregate  not  far 
short  of  double  that  evolved  when  the  free  gases  unite  to  form 
liquid  water ;  and  similarly  with  other  electrolytes.  The  details 
of  these  experiments  are  as  yet  mostly  unpublished. 

With  electrodes  of  materials  capable  of  being  attacked  by  the 
products  of  electrolysis  similar  curves  are  obtainable ;  the  amount 
ofnonadjuvant  energy  due  to  this  secondary  action  on  the  electrode 
again  increasing  with  the  current  density,  but  being  also  dependent 
on  the  temperature  and  the  degree  of  concentration  of  the  solu- 
tion electrolysed.  Further,  under  precisely  similar  conditions  as 
to  density  of  current,  temperature,  and  fluid  electrolysed,  the 
amount  of  nonadjuvaiii  energy  is  influenced  by  the  nature  of  the 
electrode  material,  being  usually  less  the  more  readily  oxidisable 
the  metal  constituting  the  positive  electrode.  Thus  of  the  four 
metals,  zinc,  cadmium,  copper,  and  silver  (the  oxidisation  beats  of 
which  lie  in  the  order  of  the  names),  the  first  gives  a  le^er 
amount  of  nonadjuvant  energy  than  the  second,  when  a  sulphate 
is  electrolysed  so  as  to  form  zinc  sulphate  at  the  positive  electrode 
on  the  one  band  and  cadmium  sulphate  on  the  other ;  all  otbei- 
conditions  being  constant,  similarly  the  second  gives  less  than  the 
third,  and  the  third  than  the  fourth. 

As  regards  electro-motors,  much  labour  has  been  expended  in 
studying  the  behaviour  of  certain  forms  of  cell  capable  of  being 
usefully  employed  as  practical  standards  of  E.M.F,  Of  these  the 
two  most  convenient  are  found  to  be  the  "  Clark  "  cell  (mercury— 
mercuroua  and  zinc  sulphates — zinc)  and  the  Daniell  when  set  up 
with  solutions  of  pure  zinc  and  copper  sulphates  of  equal 
molecular  strength  (almost  exactly  equal  in  sp.  gr,),  zinc  plates 
of  pure  cast  metal  freshly  amalgamated  with  pure  mercury,  and 
copper  plates  recently  electro-coated  with  pure  pink  coppei. 
The  effects  on  the  E.M.F.  of  these  and  many  other  analogous 
cells  produced  by  variations  in  the  nature  of  the  active  plate 
surfaces  and  the  strength  of  the  metallic  salt  solutions,  have 
been  studied  and  expressed  by  curve  values,  some  of  which  lead 
to  interesting  resuVts  •.  \.W?-,'s\iii'e.fTO(Ki£'a&\a^tb.e  strength  of  the 
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zinc  sulphate  solution  in  a  Daniell  cell  diminisbea  the  E,M,F., 
and  increasing  that  of  the  copper  sulphate  increases  it*  (and 

similarly,  mutatis  mutandis,  with  all  similarly  constructed  cells), 
the  rate  of  increase  or  decrease  also  depends  upon  the  nature  of 
the  surface  of  the  metallic  plate,  differing  according  as  this  is  of 
bright  cast  or  rolled  metal,  electro-coated,  or  amalgamated,  &c 
All  these  results,  as  well  as  the  dependence  of  the  proportion  of 
adjuvant  energy  from  secondary  jeactiona  on  current  density, 
unmistakably  point  to  the  conclusion  that  the  prime  seat  of 
potential  alteration  lies  at  the  junction  of  the  different  surfaces 
of  electrodes  and  fluids,  and  that  Toltaic  action  is  really  closely 
allied  to  thermo-electric  action. 

The  alterations  in  the  E.M.F.  of  various  forms  of  electro-motors 
with  increasing  current  density  have  been  studied  and  expressed 
by  curves ;  very  considerable  diminutions  are  thus  brought  about 
with  moderate  rates  of  current  flow.  Thus  with  current  densities 
not  exceeding  a  few  thousandths  of  an  ampere  per  square  centi- 
metre, diminutions  of  some  decivolts  are  in  some  cases  brought 
about.  Other  things  being  equal,  the  amount  of  diminution  for 
a  given  increment  in  current  density  is  found  to  be  greater  the 
less  oxidisable  the  metal  unattacked  by  the  chemical  action  taking 
place.  Thus,  when  zinc  is  successively  opposed  to  cadmium, 
copper,  and  silver  in  sulphate  cells,  the  curve  representing  the 
variation  in  the  E.M.F.  with  current  density  in  the  first  case 

*  When  CUe  plaU  correaponiling  witb  the  copper  of  a  Dsniell  cell  ii 
surrouoded  by  a  mixed  solution  of  two  laltB  (8.3.,  zinc  and  copper  iulphates), 
some  remarkable  variatioDi  in  the  E.M.F.  of  the  combinatiun  are  aooietimei 
brought  aboat  by  varying  tlie  proporttoa  of  the  two  salts  and  their  abaolate 
quantities  relatively  to  the  solvent  water.  In  certain  caaes  increasing  the 
amoant  uf  the  aecond  siUt  (corresponding  with  the  zinc  Bulphatu  in  tha  case 
auppoBedJ  continually  increases  tlie  E.M.F.  ;  in  other  instoncea  it  continually 
decreaieg  (he  E.MF.;  within  certain  limiti  of  range  it  flrst  canses  a  decrement, 
and  subsequently  an  increment,  so  thnt  a  minimum  value  is  observed  when 
the  varyinK  salt  reaches  a  particular  amouut,  wbilet  two  different  proportiooB 
of  that  salt  can  be  fuond  cither  of  which  will  yield  the  same  £.M.F.  somewhat 
above  the  minimum.  Expressed  as  carve  values,  for  certain  cases  the  curve 
eonlinoally  ascends  abovci  the  base  line,  and  in  others  continually  f.i.lls  lielow 
it;  and  in  some  instances  first  falls  below  tlie  base  line  to  the  minimum  and 
then  leascendi. 


Sn  OBIQIKAL  COUHUNICATION. 

underlies  that  similarly  obtainable  in  the  Becond,  which,  again, 
underlies  that  obtainable  in  the  third  case.  The  precise  amotmt 
of  diminution  in  E.M.F.  (t.e.,  the  proportion  of  noTiad^uvayit 
energy)  is  found  to  be  variable  within  certain  limits  with  the 
physical  condition  of  the  surface  of  the  plates  (whether  bright, 
electro-deposited,  amalgamated,  &c.),  and  with  the  concentration 
of  the  aolutiou  surrounding  it. 

All  these  experiments  tend  to  show  that  the  exact  amoant  of 
(positive  or  negative)  lowering  of  potential  actually  brought 
about  by  the  passage  of  a  current,  although  primarily  due  to  the 
balance  of  chemical  affi.nities  involved,  is  nevertheless  secondarily 
influenced  by  so  many  circumstances  as  to  render  it  extremely 
difScult,  if  not  impracticable,  to  obtain  any  accurate  eatimatjons 
of  the  values  of  these  affinities  by  the  combination  of  obsen-ations 
imder  circumstances  varying  in  known  ways,  especially  when  cur- 
rents of  any  considerable  magnitude  are  employed.  On  the  other 
hand,  some  remarkable  results  were  obtained  on  studying  the  maxi- 
mum E.M.F'b  generated  by  a  large  number  of  voltaic  combinations 
when  producing  currents  of  insufficient  density  to  cause  any 
noticeable  fall  in  E.M.F.  through  TioTiadSuvancy,  and  comparing 
these  values  with  those  correaponding  with  the  heat  development 
due  to  the  net  chemical  change  taking  place.  In  order  to  express 
the  E.ALF.  values  corresponding  with  any  given  combination  of 
metals,  &c,  it  is  convenient  to  assign  numerical  values,  or  voltaic 
coRsfaTiis,  to  each  metal  when  immersed  in  a  solution  of  one  of  its 
salts  of  a  given  strength,  these  constants  representing  the  E.M.F. 
set  up  when  each  plate  and  fluid  are  connected  Daniell-cell  fashion 
with  amalgamated  zinc  immersed  in  the  corresponding  zinc  salt 
solution  of  equal  molecular  strength.  A  large  number  of  care- 
fully conducted  experiments  show  that  the  effect  of  a  given 
alteration  in  the  molecular  strength  of  either  solution  in  such 
a  combination  is  independent  of  the  nature  and  strength  of 
the  opposed  metal  and  salt  solution,  and  that  Volta's  law 
of  summation  rigorously  holds ;  hence  the  value  of  the 
E.M.F.  of  any  given  voltaic  combination  is  obtainable  by 
simply  taking  the  algebraic  difference  between  the  voltaic 
ooustanta     pertaining    to    We    -^ait^ttxiiai    metals,    salts,    a  n 
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)lut  ion- strength 9  employed.  In  the  same  kind  of  way  a  seriea 
of  Chenno-voltaio  coiistaiUe  ia  calculable,  such  that  the  E.M.F.  of 
any  given  combination  (expressible  by  the  formula  C,— C,,  where 
C,  and  C,  are  the  appropriate  voltaic  constauta)  U  given  by  the 
formula  Ea  +  K,  — K,,  where  Ey  is  the  E.M.F.  corresponding  with 
the  beat  evolution  doe  to  the  net  chemical  change,  and  K,  and 
K,  the  thenno-voltaic  constants  corresponding  respectively  with 
Ci  and  C, ;  that  is,  the  E.M.F.  actually  generated  may  be  re- 
garded as  due  to  two  superposed  causes — viz.,  the  net  heat 
development  through  chemical  change,  and  a  thermo-voltaic 
action  akin  to  that  taking  place  in  an  ordinary  thermo-couple, 
this  latter  being  variable  (within  certain  limits)  with  every  cir- 
cumstance modifying  the  relations  to  one  another  of  the  con- 
tiguous surfaces  of  metal  plate  and  surrounding  Huid.  On 
comparing  together  the  values  of  K,  and  K^  for  various  metals, 
&c.,  and  those  of  Eh  +  K,— Kj  for  various  combinations,  some 
noteworthy  results  are  deducible.  Firstly,  metals  generally 
may  be  divided  into  the  two  claeses — those  which  have  a  more 
or  less  considerable  positive  thermo-voltaJc  value,  and  those 
which  have  a  negative  one.  In  general  the  sign  is  the  same 
for  a  given  metal  in  contact  with  all  its  salts ;  but  in  some  few 
cases  where  the  thermo-voltaic  constant  has  never  any  large  value 
{e.g.i  copper  and  cadmium),  the  Bign  is  sometimes  +,  some- 
times —  ;  thus  silver  and  lead  invariably  give  more  or  less 
considerable  —  values ;  whilst  iron,  mercury,  magnesium,  and 
aluminium  always  give  -i-  ones.  Nestly,  cells  may  be  divided 
into  two  classes,  viz.,  those  where  K,  —  K,  has  a  +  value,  and 
those  where  it  has  a  —  one.  The  former  class  of  cell  is  remark- 
able in  that  the  EJH.F.  actually  generated  necessarily  exceeds 
that  due  to  the  net  chemical  change ;  so  that  when  a  current 
circulates  the  extra  energy  capable  of  being  obtained  in  an 
external  circuit  of  high  resistance,  as  compared  with  the  cell 
itself,  over  and  above  that  due  to  the  chemical  action,  is  derived 
at  the  expense  of  sensible  heat,  i.e.,  the  cell  is  cooled  by  the 
action.  In  the  second  class  of  cell  the  reverse  ia  the  case  so  long 
as  Eh  is  numerically  greater  than  K,  —  E,,  the  work  capable  of 
being   done  externally  being  always  less  ttan  i\iaS.  i'a.ft  'tft  "Oaa 
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chemical  change ;  when,  however,  the  numerical  value  of  K,  —  K, 
exceeds  that  of  Eg,  a  most  remarkable  result  ensues — the  current 
flows  in  the  direction  opponUe  to  that  predicable  from  the  relative 
heats  of  formation  of  the  two  tnetalhc  salt  solutions  used ;  instead 
of  the  plate  in  the  solution  of  lower  heat-formatiou  (the  copper 
in  a  Daoiell's  cell)  acquiring  the  higher  potential,  it  acquires  the 
lower  one ;  in  consequence  the  action  of  the  cell  is  accompanied 
by  a  twofold  heat  absorjition  :  firstly,  the  chemical  action  itself 
is  accompanied  by  heat  absorption ;  and,  secondly,  any  work  done 
by  the  current  outside  the  cell  must  be  due  to  converflion  of 
sensible  heat  into  current,  energy. 

A  claEB  of  cell  has  also  lieen  examined  in  which  the  net 
chemical  action  is  nil,  the  cell  consisting  of  two  identically-sur- 
faced metallic  plates  immersed  in  solutions  of  a  salt  of  the  metal 
of  different  strengths.  In  such  a  combination  the  only  source  of 
energy  is  the  possible  heat  evolution  due  to  admixture  of  the  two 
differently  sabne  fluids.  In  many  instances,  however,  the  E JVl.F. 
actually  set  up  far  exceeds  that  due  to  this  cause,  indicating  con- 
version of  sensible  heat  into  current  energy.  In  the  case  of 
zinc,  cadmium,  and  copper  sulphates,  comparisons  were  made 
between  the  E.M.F.'s  generated  with  solutions  of  varying  strengths 
on  inter-diffusion,  the  amounte  of  heat  developed  on  intermixture, 
and  the  decrements  in  volume  ensuing  thereon ;  with  the  result  of 
indicating  that  whilst  contraction  on  intermixture  and  develop- 
ment of  E.M.F.  ma  tolerably  concurrently  together,  the  develop- 
ment of  heat  on  intermixture  does  not  vary  at  all  pari  paaati.  with 
either.  The  E.M.F.  set  up,  however,  not  only  varies  with  the 
particular  strength-solution  difference,  but  is  also  a  function  of 
the  character  of  the  surfaces  of  the  plates ;  thus  amalgamated 
zinc  plates  in  solutions  of  zinc  sulphate  give  larger  E.M.F.'s 
for  given  strength-differences  than  plates  electro-coated  with 
zinc,  and  these  larger  values  than  bright  zinc  plates ;  and 
similarly  with  other  metals. 

On  the  whole,  the  general  result  deducible  frwm  the  examine 
tion  of  a  very  large  number  of  different  voltaic  combinations  is 
that  a  concordance  to  within  +0*1  volt  between  the  E.M.F. 
caJcuJable  from  the  net  cheniical  ch&nge  and  that  actually  set  op 
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ifi  comparatively  seldom  obBerred,  the  two  values  moat  freqaently 
Btanding  in  no  close  relationship  to  one  another  even  when  only 
in6nitesiinal  currents  flow ;  whilst  far  greater  Bonrces  of  divergence 
between  the  values  are  afforded  if  cnrrents  are  developed  of  any 
moderate  magnitude ;  bo  that  the  actual  development  of  E^.F. 
in  most  voltaic  combinations  is  in  no  way  calculable  from  the 
resnltant  of  the  various  chemical  affinities  involved  in  their  action. 
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(^Wt  art  indebted  to  Iht  eourleiy  of  tha  JmUtMtion  of  Civil  Engiiutri  for  allmeing  l^t 

firit  nven  aflliefiillineing  Abslncts  Co  be  nprijiUd  from  thtir  Piveteding*,) 


A.  CBOTA— PHOTOMETBT   OF   mTENBE   FOCI   OF   XiIQHT. 

ICtrmptei  Bandtu,  Val.  99,  ISM,  sp.  106T-G9.) 
A  complete  (letcrminSitioii  af  the  photometric  value  of  an  intense  focss  of 
light,  electric  or  Bular,  requires  the  practical  realisation  of  the  following  con- 
ditioDB; — (1.)  CompariioQ  of  two  tlehts  of  diSeront  tintc.  (1.)  Evaluation  of 
tfaetint  bymeamof  antunerical  lacUir.  (3.)  Determination  of  the  photometric 
ratio  of  a  very  intense  Bource  in  function  of  a  relatively  feeble  standard. 

The  first  may  be  resolved  by  one  of  two  mathodi  previonsly  ilescribed'  by 
the  author,  whith  admit  of  reducing  the  compariion  of  the  total  lights  to  that 
□f  the  relative  intensity  of  a  aimple  light,  oonveniently  chosen,  taken  in  the 
two  lourceii  the  more  simple  consists  in  the  use  of  a  aolutloD  of  perchloride  of 
iron  and  chloride  of  nickel^  through  which  a  photometric  screen  is  oliserved.t 
With  a  thickness  of  about  7  millimetres  this  solution  stops  ail  but  radiations 
oomprised  betneen  wave-lengths  of  G30>i  and  554>i,  with  a  maximum  towards 
660.  The  simple  radiations  trausmitted  with  masimum  of  intensity  chiefly 
include  all  those  giving  the  same  ratio  as  that  of  total  UluminaUons  with  the 
standard  Carcel  with  relation  to  the  luminous  sources,  the  tint  of  which  varies 
between  the  reddest,  that  of  the  Carcel,  and  the  whiti^st,  that  of  solar  light. 
In  the  second  case  the  author  has  showni  how  the  use  of  the  spectro- photo- 
meter admits  of  expressing  the  temperature  of  a  luminous  source  in  arbitrary 
optical  degrees.  In  practice,  the  lint  may  be  easily  represented  by  means  of 
two  successive  photometric  determinations!  one,  obtained  by  observation  of  a 
IToucault  photometric  Boreen  through  the  680  solution,  gives  the  ratio  of  th« 
Intensities;  the  other,  made  by  placing  before  the  eye  a  red  (protoxide  of 
copper}  glass  which  allows  of  the  passage  of  radiations  included  between  7S6^ 

■  Oimptii  Brndut,  ToL  S3,  p.  £19  g  and  Tal.  K,  p.  UTl. 
tThsmalimilablaKilntlon  U  ths  ColJawlng:— 

Qn/biM, 

PerchloTidfl  of  iron,  (TiliyiTroas  and  flnbUmed     ,-    „.    „.       Itm 
Clilgcideof  nlokot,  cryKtalliKd  ...    - _    ._    IM>I 

dlBSOlvsd  In  dlMlllfld  water  Ko  a  biisl  voltucks  ot  100  c^bic  CDDtlio^tnN  bi  1J^°.  To  avoid  all 
IKivriMUlT  of  TAdvctlon  ol  the  petchlorldo  of  Iron,  liio  jvolutlotk.  paCnnTed  wUh  chJonne,  Ls 
aicloiifld  In  a  oftll  iocmed  af  a  rin);  oE  proond  glk^a,  agalnat  which  ar«  preeaed  two  tb«al«  of 
gIsSB  by  {DDSDa  of  a  frame  of  bla«kcn«d  brabi  provided  wJtliiaTett  prsHoie, 

I  Oempla  Be»di»,yi>l.W,f.  Vii;  W&t'i\.it,M.l'i, 
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and  TSflfi,  with  e,  maximam  at  GEOmi  ei^cB  a  ratio  m  inferior  to  Uie  preceding 
ka  the  tint  of  the  light  comiiared  to  the  Carcel  it  whiter.  The  quotient  of  the 
flrat  determination  by  the  second  admits  of  characterising  tlie  tint ;  it  is  greater 
aa  the  light  ia  whiter ;  it  ii  equal  to  unity  tor  lonroes  of  the  same  tint  as  the 
Carcel,  For  a  glow  lamp  it  varied,  during  the  author's  experiments,  from 
I'Oa  to  1'2!,  accotdiDg  to  the  intenaity  of  the  current,  whilst  the  luminooa 
intensity -n-Bs  raised  from  I-l  to  3'2  Carceli.  For  arc  tamps  the  coefficient 
representing  the  tint  is  greater ;  it  attains  tlie  valne  1-B  to  1-7,  with  a  Berrin 
lamp  carrying  Carrfi  carbons  of  12  millimetres  in  diameter,  fed  from  a 
"  workshop "  GrammB  dynamo,  giving  330  to  S20  Carcela  intenaity,  and 
eipending  between  the  points  an  electric  work  of  150  to  166  Itilogramm^trea 
per  Bccond.  Greater  intensities  will  probably  be  represented  by  higher 
numbers. 

With  sanlight  the  tinla  are  represented  by  numbers  increasing  with  the 
height  of  the  sun,  and  greater  than  the  preceding. 

The  author  propoaes  to  follow  tbe  workiug  of  incandescent  lamps  with 
relation  to  the  electric  energy  expended,  and  to  stop  the  degree  of  incandescence 
and  of  whiteaeas  of  tbo  light  at  a  higher  limit  expressed  by  a,  nomerical 
coefficient  that  determines  the  best  conditions  of  intensity  and  of  whiteness 
compatible  with  sufficiently  long  life  of  Ihe  lamp. 


A.  C^aOVA  and  F.  QABBE— DETERMINATION  AND  BEOISTBATION 
OS"    THE   OHABOB    OF    ACOTJMtTLATOBS. 

(C«np(M  fiemiiu,  Tol.  100,  1886,  pp.  134(V43.) 

Admitting  that  the  chemical  reactions  prodaced  on  the  two  plates  of  an 
accumulator  are,  during  charging,  the  tranafonnatiou  of  the  layer  of  sulphate 
of  lead  on  the  positive  plate  into  binoxido  of  lead,  and  that  on  tbe  negative 
plate  into  metallic  lead,  the  charge  corresponding  to  the  decomposition  of  1 
equivalent  of  sulphate  of  lead  on  each  plate  will  tranaform — 

1,  At  tlie  positive  pole,  PbO,  SO"  into  PbO»,  liberating  1  equivalent  of 

SO"  HO. 
3.  At  the  negative  pole,  PbO,  SO"  into  Pb,  liberating  1  equivalent  of 
•    80"  HO. 

Tbe  electro- chemical  equivalent  of  lead  being  I'OSGT  milligramme,  and 
thatol  the  acid  0*5M46  milligramme,  each  coulomb  stored  will  acton  KI8G7 
milh'gramme  of  lead  on  each  plate,  setting  free  1-0289  milligrajnme  of  acid. 

The  authors  have  experimented  with  some  Faure  cells  of  the  40  nmp^re- 
hour  type,  the  active  matter  of  which  weighs  8  kilogrammes,  and  charged  with 
1  litre  of  water  containing  -^  the  volume  of  acid.  The  liquid  then  contain* 
181  grammes  of  sulphuric  acid,  which  to  enter  entirely  into  combination; wonld 
reqnire  388  grammes  of  lead.  Allowingtbat  tbe  accumulators  receive  40  Bmp^re. 
hours  or  144,000  cuulombi,  this  charge  corresponds  1o  the  reduction  of  16&-8 
grammes  of  lead  on  one  of  the  plates,  and  the  conversion  into  binoxide  of  an 
equalweight  of  sulphate  from  the  other.    Ilia  (luauUtjol  wil^bj«k.»KiA.»Ates» 
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will  then  be  14S'3G  graniroes,  or  373  grammeB  per  ampire-hoor.  For  a  chargt 
of  4Q  ampire-ltours  the  decrease  of  "weiglit  of  tbe  pUtei,  nod  the  increaM  ot 
weight  of  the  liquid,  wiJI  be  reapectirely  about  ISOgraiinnieB.  This  motor  foKSi 
proportional  to  the  obarge,  Js  fully  aufflcisnt  to  indicate  iti  variations,  and  even 
to  register  tbem. 

In  a  trial  tbc  variatiou  of  weight  was  138  ipHiniiiea.  The  cononrrenee  ia 
deemed  by  the  authora  safBcieutly  close  to  base  upon  a  system  of  weighting 
the  liquid  or  the  plates  a  method  of  regiitrotiuo  of  the  churg<>. 


TSCHELTZOW— THE  THEBMO-OHEMIOAL  BTDBT  OF 

ACOUMnLATOHS. 

(ConpUi  Erndu*.  Vtl.  100.  1685,  pp.  IMS-SO.) 

To  fulfil  oalculntiotiB  of  the  electro -motive  force  of  accumulators  hy  JoaU 
and  Thomson's  law,  B  —  0'M3S  s  Q  (where  B  is  electro-motive  force  in  volti, 
and  2Q  the  heat,  relative  to  the  equivalents,  in  calories)  it  is  reqointe  la 
determine  tiie  heat  of  formfttion  of  peroxide  of  lead  from  oxide  of  lead  and  ttes 
oxygen.  This  has  been  done  by  two  di&erent  proceeds — (1)  the  action  ot 
nitrate  of  protoxide  of  mercury  dissolved  in  dilute  nitric  acid  un  the  peroxide 
of  lead ;  (i)  the  action  of  anhydroas  sulphurous  acid  on  the  peroxide.  Ab 
means  of  four  experiments  (I)  gave  3I-!^S  calories,  and  (2)  81'62  calorics;  whence 
ii  calculable  12'14  calories  (towards  17°}  as  a  mean  of  both  processes. 

The  beat  of  formation  of  peroxide  of  lead  permita  of  the  examination  of 
the  chemical  reactions  occurring  on  t  he  two  plates  of  an  accumulator.  There 
are  four  hypotheses  examined.  If  PbOj  were  reduced  into  Pb  by  the  bydtogen 
at  the  negative  pole,  the  reaction  would  disengage  37 '20  calories,  corresponding 
to  0-81  volt.  If  PbOg  were  transformed  into  PbSO,,  the  disengagement  of 
heat  would  be  gl-50  calories,  corresponding  to  1'77  volt.  If  tlie  negative  lead 
were  transtormed  into  sulpbat*,  and  PbO^  into  Pb,  there  would  be  disengaged 
4i-S0  calories,  corresponding  to  0-90  volt.  If  there  be  sulphatation  ol  the  two 
electrodes,  Uie  heat  disengaged  will  be  Bl-GO  calories,  corresponding  to  l-M 
volt,  which  the  author  considers  the  true  fundamental  reaction. 


BLAVIEtt-INFLUENCB  OP  BTORMB  ON  SUBTERRANEAN 
TELEGRAPH  LINES. 

{Comptei  fimdui,  Fol.  100, 1865,  pp.  1631-36,) 

When  the  constniction  of  the  long  atibterranean  lines  in  France  was  com- 
menced some  years  ago,  it  was  thought  that  their  conductors  would  be  qtiil« 
free  from  the  effect  of  storms.  Accident!  are  much  rarer  than  with  aerial 
lines,  but  that  they  do  occur  was  evidenced  by  the  violent  Btorm  on  the  Stb 
March  at  the  middle  of  the  underground  line  connecting  Belfort  Willi 
Besanfon,  when  sparks  appeared  at  the  two  extreme  stations.  Thia  pheno- 
moDon,  apparently  oonWurs  W  ttie  ttiwirj  til  ^tB-iie,  electricity,  the  author 
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OIBAUD— GELLEEAT'S  ELECTRIC  HOAD-HOLLEE. 
(CDinplei  Rendtit  de  la  SodMdai  Ingf nieuri  CiviU,  Pan<,  18SE,]].  320.) 


tbinka  may  be  eiplained  either  as  an  efl^ct  of  electro-dTnamic  iuductioD  or  m 
an  e&ect  of  eli^ctro-Rtatic  induction.  If  the  citble  is  bnried  onlj'  to  n  amall 
depth  in   a  badly- con  ducting  earth,  the  sheathing  takes,  under  the  influence 

•  Of  Btorm  clonds  whilst  the  internal  wire  remaiDS  neutral,  a  more  or  leaii 
considerable  electric  charge.  At  the  dischargo  of  the  douds  tbia  ctiarge 
iKcaDieB  flee  and  escapes  into  tlie  earth,  following  the  iheathing  in 
two  uppoaite  directione.  This  will  develop  in  the  interior  conductor  two 
induced  carrents  of  contrary  direi'tions,  tlie  difference  ot  which  wil!  act  on  the 
apparatus  at  the  end  Rtutiuns.  Or  the  conductor  may  charge  itself  from  the 
eartli.plalei  and  Ughtning-fuards  under  the  influence  of  this  sheathing- charge. 

^M         Toward!  the  end  of  1B63,  Mr.  E.  Gellerat  made  a  successful  application  of 

^H  dynamo-electric   power  to  drive  a  road-roller.      He    adapted    the    electrio 

machinery  to  the  framing  and  roller  of  an  esisting  steam  ruller,  from  which 

the  boiler  and  machinery  was  removed,  leaving  u  platform  about  18  feet  long 

and  6t  teet  wide,  carried  on  cast-iron  rollers  4  feet  and  4t  feet  in  diameter, 

■  weigUiug  in  all  from  10  tons  to  II  tons.    On  this  platform,  in  three  stages,  104 
{"aure  accumulators,  weighing  about  IBO  lbs.  each,  were  deposited,  making  a 
load  of  about  G  tons.    The  dynamos  and  the  machinery  weigh  alnut  I  ton. 
Together,  the  griiss  weight  of  the  road-roller  amounts   to  18   Wnti.     Bleam 
^K  cylinders  for  the  same  weight  work  kt  from  10  H.F.  to  15  H.P.,and  lomuch 
^KiDore  OD  an  emergency ;  and  for  this  powur  two  Biemens  dynamos  of  the  type 
^■|}>  OB  one  shaft  are  provided,  capable  of  exerting  13  E.F.,  and  more  than  that 
^^]y  increasing  the  velocity.    A  small  dynamo,  tyjie  D',  of  IJ-  B.P.,  is  supplied 
tor  the  steering  power. 

I  The  motion  of  tlit  dynamos  is  reduced  and  trananiittud  by  suitable  gearing 
to  the  intermediate  shaft,  whence  it  is  transmitted  in  the  usual  manner  to  the 
rollers.  The  accumulators  have  each  a  power  of  ahuut  2  rulta,  making  together 
about  ZOO  volts.  Beventeen  accumulators  were  reserved  for  the  steering  when 
It  was  necessary.  The  remainder  wore  employed,  more  or  less,  for  locomo- 
tion ;  but  on  firm  ground  GO  accumulators  sufficed  fur  tliis  purpose,  with  an 
Intensity  of  current  of  from  30  to  40  ampSres,  representing  from  4  H.P.  to 
6  H.P.,  although  the  speed  attained  did  not  exceed  1  j  mile  per  hour. 

The  roller  was  taken  over  some  newly-laid  macadam  of  a  thickness  of 
from  B  inches  to  10  inches,  bedded  on  a  clay  substructure,  over  a  newly-con- 

»itructed  Kwer,  on  an  incline  of  from  1  in  60  to  1  in  38.  All  the  accumulators 
veru  brought  into  action;  the  rolling  commenced  at  a  speed  of  from  2  to  3^ 
tnilcB  per  hour,  and  was  continued  for  three  hours  with  as  much  facility  a»  if 

»th6  itachiae  bad  been  worked  by  steam.  The  expenditure  of  electricity  wag 
proportional  to  the  rcsislonce  of  the  ground.  The  intensity  of  the  current 
averaged  85  ampiret,  and  attained  at  one  point  to  75  ainpires,  which,  for  104 


560  AB3XRACTB. 

accmnulaton,  corresponded  to  the  work  ot  30  H.P.  At  tlie  end  of  the  trial, 
wliicb  was  BatiBfactoT^,  the  accomolatorB  had  worked  lor  four  boor*,  and  were 
not  half  discharged. 


J.  WTBAtfW— A  PEOTOMBTEH  FOE  ELECTRIC  LIGHT. 

(Buirotin  dt  la  Sorirtif  Btlge  d'EUetrieimt,  Vol.  2,  January,  1885,  pp.  B-W.) 

The  author  proposes  to  Bud  a  meaiui  of  overcoming  or  iliininishiiig  the 
difficulty  met  with  in  ordinary  pliotometew  for  the  direct  comparison  o( 
the  electric  light  with  the  flame  of  a  Caroel  lamp  or  gaB-buruer.  The 
difference  of  colour  in  two  BQch  liglitg  is  so  conaideralile  ax  to  render  the 
oecuracj  of  such  an  operatiou  uncertain.  Using  Foucault'x  photometer,  the 
comparison  is  nearly  impoaaible ;  with  the  Bunsen  photometer  the  difficulty  is 
somewhat  lem,  because  by  experience  one  can  tell  pretty  exactly  the  moinent 
when  the  edge  of  the  httle  translucent  spot  beoomes  vague  and  dixappeftm 
more  or  less.  In  any  CMe  the  oncertaint;  is  great,  and  the  result*  vat;  with 
the  observer,  and  even  between  two  setj  of  observBtiona  by  the  same  person. 

Let  unit  of  illaminalioQ  be  that  furnished  at  unit  distance  by  a  sourM 
equal  to  the  light  of  unit  intensity.    The  curve  representing  the  illumination* 

given  by  this  source  at  different  distances  from  the  origin  would  be  y  —  -^ 
and  for  a  source  of  inteoaity  I,  it  would  be  y  —  — -,  so  that  by  making  ■  _  1 

in  the  equation  to  the  curve  of  illnmination  of  a  source,  there  ia 
obtained  an  ordinate  v  ■■  ^i  whieh  contains  a*  many  units  of  illnminatiim 
as  the  source  does  of  units  of  intensity.  To  compare  twJ  Bources,  I  ajid 
I',  it  BUlhces  to  consider  the  differences  between  the  ordinatcs  of  the  two 
curves  of  illuminaition  at  the  same  horizontal  distances  from  the 
origin.  This  consideration  led  the  author  to  construct  his  pholometer,  whieh 
oonaists  of  two  mirtors,  n  and  n,  some  distance  apart,  and  inclined  at  ($<>  to 
the  rays  of  light  coming  from  the  source  0.  These  rays  are  rcSected  on  two 
Bcreenspand  g, perfectly  alike,  and  formed  of  white  paper.  The  whole  is 
Bxed  in  a  rectangular  box  50  centimetres  long  by  40  wide,  blackened  ioaide 
and  provided  with  screens,  to  prevent  useless  diffusion  and  reflection  of  light. 
The  observer  atcertains  when  the  screen  p  is  more  lighted  than  q.  The  diSer- 
ence  of  the  two  illuminationa  can  be  measured  with  another  known  light,  G, 
by  which  the  illumination  of  the  gcru^^n  j  is  increased  until  it  is  equal  top;  or 
mversely,  if  C  remain  fixed,  the  source  O  can  be  moved  backwards  and  forwards 
until  equality  is  eatabliflhed.  If  O  ia  an  electric  light,  the  Bcreeu  q  is  illn. 
miuated  by  rays  of  electric  light,  but  at  the  same  time  by  a,  small  portion  of 
yellow  light  from  the  Carcel  lamp  C,  to  moke  the  tints  on  screens  p  and  g  Etltke. 
The  intensity  I  of  the  source  0  is  given  with  great  accuracy  by  a  genei»l 
formula,  vhlch  may  be  simplifled  to  the  form 

vtien  X  deootes  the  dislaucA  0  nt  p,  and  s  the  distance  C  g,  to  be  meuued  tac 
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each  experiment.  On  Qie  cover  ot  ench  photometer  there  ie  &  eurre  ivhiiib 
gives  the  value  ol  v  for  any  value  of  a  whatever. 

If  J  —  constant,  the  ioteBsitiss  I  and  I'  of  tha  two  source!  by  the  genenU 

formula  are  M   —  andM  -jj-,  whore  j-and  -^  oiprew  the  differeneea  of  the 

illnmicationsixiiiandg.  Thiagiveian  eBay  moans  of  comparing  the  intengitiflB 
of  different  sources  by  a  lamp  ot  type  G.  One  advantage  ot  this  photometer  is 
that  it  is  poasibte  to  measure  an  electric  light  in  a  confined  Rpoce.  Calcula- 
tions are  easieat  with  0  constant,  hut  this  condition  is  frequently  difficult  to 
realise  practically.  The  author  investigates  tbe  various  formols,  and  works 
out  teveral  numerical  examples. 

Transparent  screens  p  and  j  could  be  employed  as  in  Foucault's  photo- 
meter; and  another  less  practical  arrangement  is  given,  resembling  Bunsen'x 
photomeWr. 

The  method  employed  by  tbe  author  to  realise  the  greatest  equality  of 
colour  on  the  screens  does  not  lead  to  any  likelihood  of  error  due  to  the 
dimioution  in  the  leogtlis  of  the  distances  compared.  In  this,  as  in  ordinary 
photometers,  it  is  the  distance  i  of  the  standard  light  from  tha  screen  which 
determines  the  result  of  the  operation.  Numerical  examples  are  given  to  show 
that  errors  of  observation  do  not  aSect  the  results  more  seriously  io  this 
photometer  than  In  that  of  Fuucault  or  Euosen,  whilst  by  the  ptau  ot  illumi- 
nating one  screen  with  a  light  three-quartiere  to  four-Bfthi  that  of  tha  other 
screen,  the  distances  are  very  much  diminiahed,  and,  the  colours  being  brought 
to  the  same  tint,  the  errors  are  reduced  to  a  minimum.  The  nse  of  coloured 
glasses  or  solutions  interposed  between  the  eye  and  the  images  on  the  screens 
reDiIcrs  the  tints  really  equal ;  but  this  expedient  is  useless  here,  and  can  only 
destroy  the  correctness  and  delicacy  of  the  observations,  by  rendering  the  little 
di&erences  less  sensible. 


J.    TROWBBJBOS— A   BTANDABD    OF   LIGHT. 
(Tha  Anmnean  Journal  of  SeitTiet,  Vol.  SO,  168G,f.  128.) 


I^B  The  author  thinks  the  adoption  by  the  Paris  Oonferenca  of  1881-84  of  the 
light  emitted  by  a  surface  of  platinum  at  the  point  of  solidification  as  a 
st4Uidard  of  light  did  not  assort  well  with  discussions  which  reaffirmed  the 
C.0.8.  system  of  units ;  as  although  it  mig:ht  be  a  Bxed  point  in  nature,  it  had 
not  been  showii  how  this  point  could  be  connected  with  the  units  of  heat  and 
work,  and  electrical  energy.  As  there  ought  to  be  such  a  cotinection,  the 
suggestion  of  Schwendler  that  the  light  emitted  by  a  strip  of  platinum 
rendered  incaudescent  by  a  known  electrical  current  should  be  adopted  as  a 
standard,  seems,  in  the  author's  opinion,  to  merit  more  attention  than  it  hat 
received.  The  first  to  propose  such  a  standard  was  Dr.  John  W.  Draper,  of 
New  York,  in  1847  ("  Scientific  Memoirs,"  p.  46). 

The  author  found,  upon  trikl,  that  there  were  vary  great  difflcolties  in  the 
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nse  of  fiDQ  plQUanm  wire  as  a  atandaTd,  on  Bceount  of  the  neccaiicjr  0/ 
meomriDg  light  and  potential  of  carrent  at  the  game  imtxnt,  the  wire  titaing 
before  tUe  meaiaretnenta  could  be  completed.  He  sacceeded,  however,  with  a 
atrip  of  plaliaam  foil  placed  in  the  sbuat  circait  of  a  nnalt  djnomo  mAchiae, 
the  light  from  which  could  be  maintained  very  comtsnt  with  the  proper 
spued  and  luitnble  adjustment  oE  ruiiitancet.  The  light  emitted  by  the 
platinum  woi  measDred  by  meaiiB  of  a  Bitchie  photometer,  anil  the  electric 
current  by  a  tanuent  galvanometer  and  Thomson  quadrant  electrometer  The 
raii|^  ot  the  indications  of  the  electrical  inatramenta  waa  comparativelj  amftll, 
while  the  light  varied  enormously,  the  difflcolty  of  the  method  being  that  o( 
measuring  a  strong  current  with  ac-curacy. 

After  failing  to  mcasare  changes  in  the  heat  radiated  by  glow  lamp  by 
means  of  a  thermo-jnnction  in  the  centre  ot  the  carbon  loop,  the  author 
tmbatitnted  a  loop  of  extremely  floe  platinum  wire  to  form  one  branch  of  a 
Wheatstone  bridge,  a  similar  wire  being  placed  in  the  other  branch.  Thu 
method  seemed  tu  be  quite  aeusitiYC,  the  reaulls  ot  the  experiments  leading 
tbe  author  to  think  that  a  bolometer  strip  of  duflnite  surface  could  be  placed 
at  a  fixed  distance  from  a  carbon  loop  of  known  dimensions  inaide  an 
exhausted  glass  vesKl.  The  amount  of  radiation  which  the  bolometer  strip 
received  being  calcalaled,  the  standard  of  light  might  be  based  upon  the  point 
of  incandescence  which  would  give  a  definite  radiation  at  a  lized  dlstaoce. 
The  energy  produced  by  rays  ot  different  refrangibiliiy  could  not  be  tbnt 
diatinguiitaed,  but  variations  in  the  amount  of  energy  received  were  indicated 
by  tbe  bolometer  strip,  nhile  the  difference  in  colour  of  the  light  ot  the 
gluw  lamp  made  the  observer  at  the  photometer  entirely  uncertain  of  hi* 
measurements. 

The  author  next  compared  the  radiation  from  e.  platinum  strip  with  that 
from  a  thin  brass  vessel  containing  water,  by  means  of  a  thermopile  provided 
with  the  customary  conet,  a  aeries  of  diaphragms  of  thick  cardboard  extending 
between  the  radiating  surface  of  the  veisel  containing  water  and  the  platinum 
atrip.  This  arruugement  was  extremely  sensitive ;  a  short  ooil  galvanometer 
was  connected  with  the  thermopile,  a  movement  ot  a  centimetre  in  the 
position  of  the  faces  of  the  pile  being  sufficient  to  drive  the  spot  of  light  [rum 
the  galvanometer  mirror  oil  the  scale,  corresponding  to  a  movement  of  nearly 
EiO  centimetre  scale  divitiona.  One  observer  tested  the  light  photometrically, 
whilst  another  observed  the  galvanometer,  with  the  result  that  with  similar 
photometric  oliservntions  the  thermopile  indicated  a  large  change  in  tbe 
amount  of  heat  received. 

In  conclusion,  the  author  thinks  it  possible  to  assume  as  a  pmctieal 
standard  a  carbon  loop  in  an  exhausted  vessel  railed  to  such  a  point  of 
incandescence  that  it  will  radiate  a  definite  amount  of  energy,  this  ener^ 
being  measured  by  a  bolometer  strip  or  the  thermopile  al  a  definite  distance 
from  the  carbon  loop;  this  would  have  a  greater  range  than  an  incandescent 
strip  of  platinum  placed  in  free  air.  The  latter  method,  however,  for  the 
incandeicence  which  pr<jducee  a  light  similar  in  colour  to  that  of  a  aperm 
candle  ia  extremely  Buusitive,  and.  can  be  made  more  exact  than  present 
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photometric  tests.  Both  methods  have  the  great  advantage  of  substituting  a 
measure  of  energy  lor  a  reUtive  indication  hy  the  eye,  which  ia  not  connected 
with  anj'  absolnte  measarement. 


O,  UPPMAWH— AN  AHRANGEMENT  WHICH  PEBMTTS  OP  iRHIVINQ 
AT  TUt;  MAGNETIO  POTENTIAI.  OF  A  SYSTEM  OF  B0BBIS8 
WITHOUT  OALOCLATION. 

(Camptsa  Rendui,  Vol.  100,  No.  25,  Jwm  25,  ISSS,  p.  1E33.) 

Uavmlly,  in  oriU'r  to  determine  the  magnetic  potential  of  a  bobbin,  it  is 
neceasary  to  know  the  dimensions  of  *e«oh  turn  of  wire,  nnd  to  perform  a 
complicated  calcolatiou.  Inatead  oE  one  bobbin,  suppose  we  take  tlireo  similar 
ones  (i,  b,  c),  and  arrange  them  at  the  points  of  au  cqailati:ral  triangle  in 
such  a  way  that  their  axes  form  the  three  aides  oE  an  equilateral  triangle 
(A  B  C).  The  variation  of  the  magnetic  potential  due  to  this  system,  and 
takenfromBtoC,  is  exactly  equal  to  the  products  irn  (.where  t  ia  theatrength 
of  the  current,  and  n  the  number  of  turns  on  each  bobbin.  To  demonstrate 
that  this  is  ao,  it  ia  sufficient  to  point  out  that  if  we  consider  the  integral 
of  the  magnetic  action  ol  the  bobbin  d,  considered  by  itself,  all  roaud 
the  periphery  oE  the  triangle  ABC,  this  integral  ia  exactly  equal  to 
4  T  fl  i,  bei^auso  the  periphery  of  the  triangle  is  a  closed  line.  On  the 
other  hand,  the  action  of  a  on  the  side  O  A  can  be  replaced  by  the  action 
of  c  on  the  side  B  C ;  similarly,  the  action  of  a  on  the  third  side,  B  A,  tan 
be  replaced  by  the  action  of  6  on  the  side  B  C;  so  tliat  the  action  oE  the  syiltrm 
of  three  bobbins  on  the  side  B  0  is  equal  to  the  sum  of  the  actiona  of  a  on  the 
three  sideE,  i.e.,  tu  imi.  The  above  reasoning  can  be  extended  tu  any 
reg;Dlar  polygon. 


S.  VBOBLEWSKI-KEBISTANGE  OF  COPPE&  AT  -  iWO. 

(Comptei  Rtndui,  Fel.  101,  Ho.  3,  Jttiy  13,  ISBS.p.  160.) 

Being  desirous  of  testing  experimentally  the  statement  made  by  Olausius 
that  the  reBislaace  of  any  chemically  pure  metal  is  proportional  to  its  absolute 
temperature,  and  that  hence  at  the  absolute  zero  the  resistance  would  also  be 
zero  and  the  oonductiTity  inSnite,  the  author  undertook  the  experiments 
described. 

The  copper  wires  employed  hod  a  diameter  of  -^q  of  a  mitlim£tre,  were 
insulated  with  a  double  covering  oE  silk,  and  were  wound  int<>  small  bobbins 
having  at  ordinary  temperatures  resistances  varying  from  8  to  SO  Blemeni 
units. 

The  intense  cold  requisite  was  obtained  by  making  use  of  nitrogen  boiling 
at  its  p>-iiiit  of  solidiAcHtion,  A  preliminary  aeries  of  experimenta  had  shawii. 
VOL,  XIV.  3? 
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tlmt  liquid  oxygen  and  nitrogen  were  perfect  inioJatonL    llie  reaulta  obtiuned 
are  tabulated  below. 


Tamp. 

OlDtl- 

gfiie. 

Row  cbUilQgil. 

Bobbin  L 

Bobbin  n. 

KrtliVinw 
InB.H. 

Ciwfflclenl. 

inB.cr. 

OooffiolerLt. 

+  100° 
+  310-4 

4  0 

lios 

-1*6 
-18» 
-100 

Boiling  water 

Air  teoiperature 

Melting  ice .,. 

Boiling  etbjlene 

Critical  point  for  nitrogen 

("Boiling  nitrogen  under") 
}_   atmosplieric  prewun;   j 

Soli iliH cation  of  nittogen ... 

B-17* 

3-934 

sen 

2-073 

1-300 

4 

0-580 
0'4U 

0-0OMG3 
0-004 13C 
0-OD4U 
0-004588 

0-004B92 

O-0OG663 

17-M9 
9-848 
674!) 

2-731 

i-eci 

0^X>*0B7 
0^01268 

0-004104 

0-00*869 

D-ooTess 

A.  OAIFFB-A  STANDARD  VOLT. 

(Compefli  ICmdat,'rol.  101,  Ko.  6,  Atigmt  10, 1886.  p.  431.) 

In  tlm  conrsB  of  some  experinienla  ma-le  in  1ST2  with  chloride  of  lilTer 
cells,  the  author  fouud  that  the  specific  gravity  of  tbe  chloride  of  zinc  loluljan 
inflnencecl  the  E.M.F.,  which  wai  lata  for  the  heavier  ioIuUoqb,  He  concluded 
then  that  witb  a  BOlution  of  6  per  iMaU  of  chloride  ol  kIdo  tbe  E.3LF.  is  1-01 
B^.  volt,  or  1-01  volt  (C.G.8.). 

BincB  then,  lurlher  experiment*  have  shown  the  author  that  certain 
irre^InriticB  preriouslj  noticed  ivQre  due  to  impurities  in  the  vubMancM 
employed,  and  to  changes  of  teo)X>erature,  which  have  considerable  influence 
as  the  temperatnre  approachai  zero. 

"Working  with  pure  amalgamated  zinc,  pure  fnzed  cbloride  of  eilvor,  and 
clear  solutions  of  pnro  chloride  of  zinc  as  nearly  neutral  as  possible  and  at  a 
temperature  of  18"  C,  the  same  solution  gives  always  the  some  EJtF. ;  and 
a  standard  solution  of  density  1-07  gives  exactly  the  legal  volt.  The  author 
adds  tbat  such  cells  should  never  bo  used  on  a  circuit  of  less  than  5,000  dlim* 
reni  stance. 

[.Vo(«.— The  density  of  1-07  at  18°  0.  corresponds  to  about  8°/,,  of  Zn  Clt. 
1-091  oorreeponds  to  10°/o  at  18-5°  0..  according  to  Kremers.] 


W.  SIBMENS-CONTHIBUTION  TO  THE  THEORY  OF  MAGNETISM, 

(Joumat  de  Phyiipie.  Vol.  4,  Sopl.,  1885,  p.  426.) 

Starting  from  the  ideas  of  Amplre  on  magnatitni,  the  author  arrive*  at 
the  DODclnsion  th.-it  magnetic  bodies,  like  iron,  oppote  a  weaker  rasittance  to 
tbe  magnetic  polarisation  tlinn  non-na  ague  tic  bodies,  or  that  the  fonoer  ha-ve  a 
higher  magnetic  conductivity.  A  homogeneous  ring,  concentric  wiUi  a  eon- 
ducCor,  cannot  produce  IlQJ  &c\,\o&  &^  e.  distance,  since  all  the  Uses  at  foree 
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temain  inside  tbe  ring.  In  an  open  ring  tlie  total  magaetism  should  be  len 
on  account  of  the  higher  resistance  ol  the  air  in  tbe  opening,  and  th^s  'lis 
author  has  veriQed  eiperimen tally. 

Dr.  Siemens  generalieea  the  law  of  Ampere  and  extends  it  to  all  bodtea, 
thus:  Not  only  magnetic  bodies,  but  all  bodies  vbataoever,  as  well  as  empty 
apace,  are  Cull  of  pre-existent  circular  currents  of  verj  small  dimensions,  and 
magnetic  bodies  only  differ  from  ooo. magnetic  bodies  in  that  the  number  of 
these  circular  carrenta  contained  in  the  unit  volume  ol  the  former  is  much 
greater  than  in  tbe  case  of  tbe  latter. 

All  magnetic  pheoomeaa  may  be  reduced  to  the  property  possessed  by  an 
electric  current  of  exercising  a  directive  action  on  the  molecular  lolenoidi 
apruad  throughoat  all  space,  and  in  greater  number  in  magnetic  bodies.  By 
this  directive  action  the  aie»  of  the  molecular  solenoids  lend  to  place  them. 
Mlvea  at  right  angles  to  the  direction  of  the  ourrent,  and  to  form  concentrio 
circles  of  attraction.  The  greatnees  of  the  rotation  of  the  ases  depends  on  the 
value  of  the  directive  or  magnetising  force,  and  on  tbe  number  of  molecular 
currents  contnined  in  the  unit  of  volume.  The  author  recommends  that  this 
numeric  relation  should  be  styled  tbe  magnetic  conductivity  or  resistance  to 
magn  eticdistribulion. 

Experiments  were  made  with  horse-shoe  magnets  with  and  without 
keepers,  and  it  was  found  that  in  the  case  of  the  closed  magnetic  circuit  the 
magnetism  increases  at  tbe  beginning  more  rapidly  than  tbe  strength  of  the 
magnetising  current.  In  the  case  of  the  open  maguet,  without  keeper,  the 
magnetiBm  for  a  weak  current  (^  ampere)  is  only  about  \  of  that  produced 
with  the  same  current  in  a  closed  magnet,  and  for  -^  ampere  it  is  about  |^.  In 
Hie  case  of  tbe  open  magnet  the  inoreiue  of  the  magnetiam  remains  constant, 
i.«.,it  is  proportional  to  the  current  up  to  a  certain  limit.  By  reducing  tU« 
lengthof  the  legs  of  tho  magnets,  which  projucted  beyond  the  coils  on  them, 
it  was  found  that  the  magnetism  in  the  case  of  the  closed  magnet  increased 
considerably,  whilst  that  of  tbe  open  m^net  is  diminished  stUi  more  can- 
■iderably,  to  that  instead  of  being  \  for  -^  ampure,  it  becomes  -fy,  and  ^  tor 
r  A  aropire. 

I  Experiments  vere  also  undertaken  to  prove  the  relative  valoes  of  the 
magnetic  conductivity  of  iron  and  of  air.  "with  the  result  that  the  former  is  480 
to  600  times  greater  than  the  latter.  This  diffL'rence  is  not  due  to  the  action 
of  tbe  oxygen  of  tbe  air — ^which  is  ilsi^lf  magnetic^^s  was  determined  bj 
experiments  with  air,  oxygen,  hydrogen,  or  ft  vacnnm  between  the  poles  of  the 
magneta  examined;  the  result  being  the  same  in  all  cases.  A  further  experi- 
ment was  made  to  prove  that  apace  tilled  with  nou.niagnetic  matter,  as  well  a« 
TBcaum,  can  be  influenced  by  electric  currenti,  just  as  iron  is  influenced,  only  . 
the  effect  is  about  500  times  lass. 

According  to  the  author,  when  a  current  flows  in  a  conductar  wound  on  a 
bar  of  iron,  there  is  produced  in  this  latt«r  as  much  magnetism  as  can  be  got 
into  it  by  tbe  sum  of  the  mugnetic  momenta  of  tbe  ctifments  of  air  which  touch 
its  surface.  For  the  pruof  of  this  statement,  aa  woU  oa  for  details  of  the 
stuueronj  experiments,  the  reader  is  referred  to  tl^e  on^vcieX  v^v^'i  -  '^^^^ 
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vsriooa  e«periroent»  are  sufflcient,  ia  the  RQtlior'a  opinioa,  to  jiwtjty  ihe  liypo- 

tlieais  that  there  is  no  such  thing  as  free  magnetiBin  -,  and  that  a  lliagiieliiin({ 
forcfl  cannot  produce  in  mag-netic  Ijodies  more  roagnetiBin  than  can  he  filed 
iniide  tlieee  bodies,  as  well  as  in  the  aarrounding  medium,  hy  the  action  of  the 
magnetic  distribatioD  in  the  form  of  cloeed  currea  prodacing  in  each  section 
the  same  magnetic  momenL 

The  magnetic  diitribation  id  a  bar  of  finite  length  when  the  magnetising 
force  acta  ij'mmetncaltj  on  all  parts  o[  the  bar  completely  loaea  its  logarith- 
mio  character,  and  assume*  a  parabol  ic  form,  as  has  been  sbovn  bj  Van  He«« 

In  another  paper,  the  author  has  worked  out  the  idea  that,  according  tu 
Amptre'a  theory,  the  molecular  magnets  must  be  looked  upon  as  being  each 
tormed  of  two  elementary  or  solenoidal  magnets  placed  &ice  ti>  face,  with 
unlike  poles.  These  two  elementary  mapiets  turn  treefy  together  in  all  direct. 
tions  without  experiencing  any  reeiitance,  but  under  the  inflaenee  ot  sn 
external  magnetising  force  each  Utile  magnet  would  turn  with  respect  to  its 
neighboar  in  such  a  manner  that  both  take  up  similar  positiouB.  The  cunclU' 
sions  to  be  drawn  from  the  above  idens  would  lend  to  enlarge  Ampere's  theory, 
and  to  ttie  admission  that  the  whole  universe  is  full  of  molecular  solenoids 
coupled  together,  or,  if  we  admit  the  truth  of  Mr.  Edlund's  ideas,  of  wLirI»  of 
ether  s  and  the  number  ot  these  whirls  will  be  greater  in  magnetic  matter 
than  in  nou-magnetic.  The  magnetic  moment  produced  by  a  maguetjsiiig> 
force  will  be  not  only  a  direct  effect  of  the  ourrenl,  hut  especially  the  product 
of  the  mutual  action  of  the  elementary  magnets  contributing  to  a  rotation  get 
up  by  the  current.  The  author  sees  that  this  hypothesis  will  lead  to  a  diffi. 
culty  in  accounting  for  the  return  of  magnets  to  their  initial  state  atler  the 
magnetising  force  is  withdrawn  and  when  there  is  not  any  coercive  forco ;  be 
explains  it  awoy,  howerer,  by  u  simultaneous  effect  of  forces  of  attraction  and 
of  repulsion,  which  will  lead  to  a  state  of  ei^uilibrium  consisteiit  with  the 
results  of  experiments. 


C.  ELSABSEK— TELEPHONIC  INDUCTION. 
(Bulletin  de  la  SotUli  InlernatirmaU  da  Eleetneitni,  JuZy,  IBSS,]!.  SID.) 
The  iuconTeuiences  arising  from  induction  on  telephone  lines  are  ipecially 
noticeable  when  two  exchanges  have  to  be  connected  by  a  trunk  line.  When 
the  two  districts  are  far  apart,  the  namber  of  wires  is  reduced  to  a  minimom  lo 
aToid  the  expense,  and  conversation  carried  on  over  one  wire  can  be  heard  uii 
another. 

The  German  Post  and  Telegraph  Department  have  tried  all  the  variouB 
means  proposed  to  get  rid  of  tliis  inconvenience,  such  as  crossing  the  wires  at 
each  post ;  attaching  to  each  post  a  special  wire  which  is  put  to  earth  at  variooa 
points;  the  use  of  indnction  coils  in  the  circuit  arranged  in  such  a  way  that  the 
currents  induced  in  them  should  be  in  opposite  sense  tu  thuse  induced  in  the 
line  vriresi  the  use  of  a  complete  metallic  circuit,  the  earth  not  being  used  as  a 
refuni.    This  latter  mel'hud  h&a  \^ixa.  ^^  sunt.  lucQeMful,  especially  when  in 
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tlieoa»e  of  three  wirei  the  two  looped  Trirea  were  in  everyplace  arranged 
symmetrically  nitL  respect,  to  iLe  third. 

In  some  experiments  on  the  line  from  Bremen  toBremerhaven — a  diiCance 
of  43  miles — where  there  are  four  wires,  the  wires  Ko.  2  and  No.  3  on 
opposite  sides  (if  the  posts  were  looped  together  to  form  a  complele  metallic 
circ^uit,  whilst  the  wires  No.  1  and  No.  4  (top  left  and  bottom  right)  weri;  used 
as  single  conductors  tor  the  telephonic  tranamisaioiis  of  the  nohscribers.  The 
induction,  however,  was  so  great  that  it  was  impossible  to  work  the  line  in  thii 
way,  and  tranaluting  ioduction  cuiln  had  to  be  introduced  into  the  subscribers' 
tines.  The  ordinary  forms  of  induction  coils  so  weakened  the  sounds  trans- 
mitted that  conversation  wna  very  difficult.  Much  better  results  wereohtained 
by  adopting  a  snggestion  of  Mr.  Laudrath  to  use  induction  coils  in  the  form  of 
a  horse-shou  mugnet  with  a  kueper,  it  being  found  that  the  induced  currents 
were  ]'7  times  more  powerful  with  these  coils  than  with  coils  wiUiOQt  a  doted 
magnetic  circuit. 

Difficulties  occur  where  these  induction  coils  are  introduced  on  circoits  of 
more  than  two  wires ;  they  can,  however,  be  got  over  by  a  suitable  disposition 
of  the  wire  on  the  posts.  If  there  are  eight  wires,  then,  reckoning  from  the 
top  wire  downwards  alternately  on  one  side  and  on  the  other  of  thu  post,  wires 
No,  1  and  No.  i  would  be  looped,  as  well  as  wires  No.  2  and  No.  3 1  No.  6  and 
No.  6  would  also  be  looped,  but  in  addition  they  would  be  crossed  at  half  the 
length  of  the  line,  while  the  looped  wires  No.  7  and  No.  8  would  be  crossed 
three  times. 

Turning  from  aerial  lines  to  undergninnd  ones,  the  author  cilcs  the  cables 
made  by  Siemens  and  Halske,  and  by  Felteu  and  Guilleaume.  The  former 
adopt  the  plan  of  wrapping  each  insulated  wire  with  a  few  bare  oopper  wires, 
which  can,  if  necessary,  be  used  as  return  wire,  or  they  may  he  all  joined  up 
together  and  put  to  earth.  The  latter  wrap  each  insulated  wire  in  sheets  of 
tinfoil,  the  whole  number  of  strands  thus  formed  being  bound  together  by 
bare  copper  wires,  which  are  thus  in  electrical  connection  with  the  tinfoil, 
and  also  with  the  lead  covering  of  the  cable. 


B.  BITDIIE— ON  THE  THEOKY  OF  THERM 0-ELEOTEIO  FORCES. 

(.ditnalKH  dar  Fhyrik  und  Chemit,  Vol.  25,  PI.  4,  18SS,p.  664.) 

In  a  former  paper  the  author  arrived  at  the  conclusion  that  the  translation 
theory  is  dependent  on  the  condition  that  all  thermo-elements  consisting  of 
two  conductors  must  obey  the  law  of  Avenarius.  This  conclusion  it  not 
incorrect,  but  it  does  not  go  far  enough.  If  two  metals,  n  and  b,  are  joined  up 
to  form  a  tbermo-element,  if  Do  and  Da  are  their  temperature  co-efficients,  T, 
and  T]  the  temperatures  of  The  junctions,  then,  according  to  Eohlrauseh't 
theory,  the  E.M.F.  of  the  element  is 


E /DadT-/Di,dT. 

T,»^  tX 
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If  we  now  substitute 

Da  -  -  o  T    De  =  -  6  T, 
wliera  aond  b  are  cocBlaTits,  we  have 

E-/aTdT+      ZbTdT 
Tl*^  T,  ■-' 

The  tracsUtioD  theory  leadt,  tberelore,  to  bd  espreuion  lor  E  in  which 
only  the  sqimreB  of  the  ead  temperaliures  occur.  Tliia  result  is  now,  in  the 
present  Btnte  of  abaervationa,  Dot  any  more  nienjly  imprubatile,  like  the  law  ol 
Avenarius,  but  it  is  curtainly  in  coatnidictiou  to  experience.  This  can  Ijeseeo 
at  once  without  any  colcoJatiou ;  for  let  ua  take  Ti  as  the  zero  point  o[  on 
abBciisa  ou  which  the  temperatures  Ti  are  to  be  aet  off,  and  Jet  ua  pivl  the 
corresponding  Taluea  of  E  aa  ordinatea,  then  it  followa  from  the  lait  eqoation 
that  the  aecond  differential  coi;fficient  of  F,  moat  always  Imve  the  same  aigu 
as  the  first ;  hence  for  T]  >  Ti  all  carves  would  turn  their  cidskx  tide  lo  ths 
axis  of  the  aUscissse.  A  glance  a(tbe  resultaof  Gaugain  and  otliers  shows  that 
this  ia  Dot  the  caie.  The  author  tlicrefore  concludes  that  It  is  unoecesBary  to 
go  into  the  other  points  taiaed  by  Kohlrausch,  but  he  remains  of  hia  former 
opinion  that  the  translation  theory  ia  nntenablu.  This  theory  owes  its  eiiit- 
euce  to  Kohlrausch'9  assumption  that  the  junctions  are  inoperative.  If  we 
take  the  furmulEe  giveu  by  Eohlrauach  for  the  E.M.F.,  and  convert  them  on 
the  aisomption  that  the  jutictioua  are  of  inflaeuce  in  producing  the  result,  we 
arrive  »t  the  theory  of  W.  Thomson.  The  author's  and  Thomaon's  tbeoHet 
are  only  two  ways  of  eipreaaing  the  same  thing,  due  to  their  «i»ch  makiug  uae 
of  a  diSerent  symbol  to  characterise  the  behaviour  of  the  conductor. 


8.  AnaHENIUa— BE8EABCHEB  ON  THE  OONDDUTIVlTr  OP 

ELECTEOLYTES. 

{Baiblatier,  Fol.  9,  A^i>.  6,  1685,  p.  437.) 

The  current  from  a  Daniell  battery  was  joined  through  a  key  to  a  differ- 
ential galvanometer,  one  branch  of  which  was  connected  to  rotating  commu> 
tator,  by  means  o(  which  the  current  could  be  reversed  Si  timca  a  »econd. 
From  the  commutator  the  current  passed  by  a.  switch  either  Ihrongh  tbe 
liquid  resistance  to  be  measured  or  thiMugh  a  box  of  resistance  ooila.  The 
second  branch  was  oonneoted  to  a  reaiatance  or  lo  a  colowo  of  sniphate  of  ainc 
between  amalgamated  zinc  electrodes.  The  liquid  under  teat  was  first  balanced 
against  the  resistance  in  the  second  branch,  and  lh(<n,  the  liquid  betug  replaced 
in  the  first  branch  by  the  boi  of  resistances,  this  was  balanced  against  that  in 
the  second  branch.  The  resiatance  of  the  liquid  was  then  eqnal  to  that  which 
bad  been  substituted  (or  it. 

It  ia  only  possible  to  glance  at  eome  of  the  results  obtained  by  the  author, 
and  stated  in  the  paper,  wbicb  n  ol  contv&ettAte  leo^b.    The  author  gives  a 
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is: 

I 


,ble  of  numbers,  which  thow  tha  ratio  in  which  the  eoefflcienU  of  condnc- 
tivily  are  diminiahed  by  diluting  the  liquid  to  double  lhn  quiiiitity ;  tbeM 
Qumbeni  he  calls  the  >'  soluliou  coefficient"  For  instance,  taking  cuustio 
soda,  between  the  oondactivitiee  33  and  8'87  this  ratio  ia  2'18  to  I. 

All  solutiouH  of  electrolftcB  ia  water  have  a  "  solution  coefflcient "  wbich 
is  less  tban  2. 

The  "  Bolntion  ooefficieni "  generally  innreases  with  the  dilution,  with  the 
ception  of  9cme  hydrates  and  carbonates. 
The"  solution  coethcients"  of  salts  ttelongiog  to  the  same  groaps  are  very 
nearly  alike,  e.g.,  potassiiun,  Bijdium,  and  ammonium  salts ;  chlorides,  bromides, 
and  iodides. 

The  conductivity  of  a  solution  is,  caster^  paribvs,  proportional  to  the  quantity 
if  suit  dissolved. 

In  a  solution  of  two  salts  (which  do  not  react  on  each  other)  the  coiiduo- 
tiTity  of  the  mixture  is  equal  to  the  sum  of  the  conductivities  of  the  individual 
solutions ;  and  the  conductivity  of  a  solution  where  the  solvent  is  itself  a  cod- 
Inctor  is  equal  to  the  sum  of  the  con  duett  vitiei  of  the  solvent  and  of  the  salt. 

If  the  conductivity  of  a  solution  does  not  alter  in   proportion  to  the 
[uautity  of  salt  dissolved,  chemical  action  has  taken  [tiace. 

The  author  briugH  forward  several  theories  more  or  less  closely  connected 
iUi  the  chemical  properties  and  behaviour  of  clectrolytc^s,  into  which  itis  uot 
cessary  to  follow  him. 


.  BABTOM— CONDOOTIVITY  OP  CABBON  COMPOUNDS,  aPECIAIiY 
OF  AMIDES,  ANXLIDES,  AUD  NITECDERIYATIVES, 

(BeibUtUr,  Tol.  9.  Ft.  10,  1886,  y.  681.) 

The  badly  conducting  liquids  were  placed  in  a  test  glass  200  ram.  high 
4  SO  mm.  diameter,  between  two  parallel  platinum  electrodes  (Ui!ed  into  the 
;laHi,  with   a  space  of   10  mm.  between   them;   the  better  conductors  were 
[placed  in  IJ  tubes,  with  platinum  plates  a.G  electrodes. 

The  rtsults  obtained  show  that  the  amides  and  anUides — formamide, 
Acetaiuide,  propionamide,  buuzamide,  bromamido- naphthaline,  mono-,  bi-,  and 
tri.acetimtde,  bi-  and  tri.  faro  mace  tamide,  formaniUde,  acetanilide,  and  benzn- 
de — in  the  liquid  state  conduct  very  well,  and  their  coefficient  of  con  ductivitj 
creases  with  the  temperature ;  some  conduct  even  after  aoUdifltuLiion,  bat  tlia 
oondaclivity  decreases  in  proporlion  as  tlie  temperature  falls  below  the  point 
of  solidification.  The  amines  o(  the  aromatic  series  behave  in  ilie  same  way, 
ntoh  as  plienylamine,  diphenylamine,  ethyaniline,  para tolui dine,  Ac,  Ac. 

The  oitro-derivativtis  are  also  conductors,  and   the  conduutivity  of  *n 
pound   is  increased  in  every  case    hy   the  combination  of  the   radicle 
KOi.     Liquid  carbon  compounds,  mixed  or  dissolved,  increase    their   con- 
dnctiTity  with  the  temperature. 
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A.  BAB.TOLI— OONDUOnVITT  OF  SOME  SOLni  ORGANIC  BODIE& 
{BaibmUr,  Vol.  9,  Ft.  ]0,  l&Bo.p.  68S.i 
In  the  caie  of  Bome  oi^nic  componnda  a  sudden  and  considerable  decrwaa 
of  coDductivity  occurs  ttt  rhe  moment  of  Biilidiflcatioii,  nod  il  the  tcmpenilun 
be  lowered  a  few  degrees  mure  they  cease  to  conduct  aJtogeiber;  lucb  bodies 
are  nitrotoluene,  dimetbjlaniline,  Apbenjlamine.  Others  retain  tliuir  cod- 
iliictivitj  Dntil  a  much  lower  temperature  is  reached;  SDcb  are  benzamide, 
pheoo!,  parstoluidine. 

Although  very  small  adaiixtnrcs  may  render  a  body  a  conduotor,  since 
they  solidify  far  billow  tbe  latter,  yet  the  author  is  not  of  opinion  that  luolt 
adtnixtures  can  influence  the  phenomena. 


A.  BAB-TOU— CONDUCTIVITY  OF  THE  RESINS. 

(BBifilattflr,  Fol.  9,  Ft.  10, 1883,  ji.  G83.) 

Tbe  resins  show  no  peculiaritips  on  huating  in  the  neigbbourbood  of  tba 
melting  point.  They  are  ul!  perfect  inaalators  tor  a  longdialance  below  the 
point  of  BulidiQ cation,  and  become  conduclrors  after  the  point  of  uofteaing  or  of 
melting  is  reachifd;  their  coniiuctivitj  almost  always  increases  proportiooallj 
with  the  teniperatnre.  The  mora  add  and  oxidised  constituents  the  resins 
contain  the  belter  they  conduct,  and  i-ics  vrrid.  The  following  are  some  of 
tlioee  which  conduct  well  in  a  molten  or  soft  state;— Styrax,jHlap,Bcammonin, 
dragon's  blood,  amber;  the  balsams  of  Peru,  of  tulu.andof  copaiba;  shellac, 
asiafetida,  laudanum,  aloe^  myrrh,  "Venetian  turpentine. 

The  following  are  moderately  good  conductors  aboYo  the  melting  pijiiit : — 
Cliios  turpenline,  ordinary  pitch,  colophonium,  asphalt.  Others  only  condact 
very  little ;  sucb  nre  Canuita  balsam,  copal,  mastic,  damraar. 

In  this  case  also  the  viscosity  Bi:emi  to  have  influence,  and  as  it  increases 
the  oondnctivity  decreases.  Thus,  if  with  guaiacum  au  equal  quantity  (or 
four  tiniea  the  quantity)  of  naphthaline  is  mixed,  which  is  an  absolute  noa- 
condnctor,  and  melts  at  just  the  same  t'^mpcralure  as  the  resin,  the  m.ixtitre 
oondnuts  much  better  than  the  guaiacum  resin  alone,  although  it  is  macb 
less  viscous. 


A.  HABTOLI— CONDDOTIVITT  OF  MlSTOREg  OF  OBOANIO 
OOMPOUNDS. 

(BeiblitUr,  Vel  0,  Pf.  10, 1883,  p.  G83.) 

Certain  mixtures  and  sotations  of  organic  compounds  increase  in  con- 
ductivity on  Bolidi&cation,  and  retain  their  conducting  properties  fi>r  many 
degrees  below  tbU  point;  such  are  naphthaline  with  nitro.napbiboiine, 
p^raOin  with  a  small  quantity  of  ainylia  alcohol,  formic  acid,  or  acetic  ucul,  Ac 
Animal  and  vegetable  fata  and  oils  do  not  behave  tlins.  This  behaviour  the 
author  explains  in  the  following  way  ^^It  a  non-conducting  solid  sab«Uiioe  is 
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mixed  after  being  melted  with  4  liquid,  in  wliich  it  it  not  diraolTed,  as,  for 

instaoci',  paraffin  with  amylid  alcohol  or  acutic  aoid,  one  part  c>f  tbn  latter  can 
be  distributed  amongst  the  latt«r,  and  tbe  msia  conducts  badly  independent  of 
the  temperature ;  but  on  solidiScation  of  the  paraffin  the  molecules  of  the 
liquid  come  into  immediate  contact  with  eaoli  other  between  the  paraffin 
molecules,  and  the  mass  becojnea  a  conductor. 

If  the  non-conductor  disBolvesin  the  conductor,  and  if  tbifl  latter  is  praient 
veiT  small  quantity,  the  miiture  has  two  melting  paints,  one  near  that  of 
the  preponderating  BubatAnce,  and  the  other  at  a  lower  temperature,  After 
Eoliditlcatton  of  the  non-conducting  anbstance,  the  portion  of  tlie  mixtare 
nliich  Btill  remaina  liquid  is  rich  enough  in  the  conducting  body  to  be  itaelf  a 
candnctor.  If  this  last  portion  of  the  condacting  body  also  solidifles,  the  whole 
mass  becomes  a  uoD-conductor. 

^B  V.  Ton  LAHQ— METHOD  OF    MEASURING    THE   EMS.  OF    THE 
^B  ELEOTKiO    ABC. 


(Cmfraftlott/Hr  EltUToUehnik,  Fal.  7,  No.  S!,  1886,  p.  M3,) 


The  method  used  was  one  which  had  been  adopted  by  the  author  for  the 
meamremeut  of  the  internal  resistance  of  a  battery.  An  even  number  (3  n)  of 
similar  cells  are  connected  in  series,  and  the  circuit  completed  through  a 
resistance.  The  point  in  this  resistance  is  then  found,  which  has  th«  same 
potential  as  the  middle  point  of  the  batterj  at  the  junctiou  of  the  n''>  Willi  the 
(n  +  l)"'  cell.  Having  found  this  point,  llie  resistance  of  the  two  parallel 
halves  of  the  circuit  can  be  determined  by  means  of  a  'Wheaistone  bridge. 

In  the  actual  experiments  the  main  circuit  consisted  of  a  battery  of  SS 
medium  Bunsen  cells  in  series,  the  first  lamp,  an  ammeter,  eleven  resistancM 
of  one-tenth  of  an  ohm  each,  the  second;  lamp,  and  so  back  to  the  battery. 
The  connections  to  the  bridge  were  made  on  one  side  to  the  junction  between 
the  aath  and  30th  cells,  and  on  the  other  to  a  commutator  which  could  make 
contact  with  the  junction  between  any  two  of  the  resistances  of  one-teuth  of 
an  ohm.  Tlie  lamps  were  hand- regulated,  the  one  hy  Professor  F.  Exner,  the 
otlier  hy  Dr,  E.  Lecher,  and  ao  image  of  the  carbon  pointa  was  projected  on  a 
screen  by  a  lens.  Carbons  5  mm.  in  diameter  were  used,  and  the  distance 
between  the  points  was  0*3  mm.  The  bridge  used  was  of  the  usual  stretched 
wire  pattern.  Twelve  measurements  were  made  at  such  moments  as  the  two 
arcs  were  burning  steadily  and  quietly  without  hissing.  The  arera^e  current 
was  4'33  amperes.  The  mean  resistance  of  the  parallel  circuits  was  1*82  ohms. 
This -had  to  be  diminished  by  the  resistance  of  the  leads  to  the  bridge,  and  then 
multiplied  hy  two  to  obtain  the  resiitanca  of  half  the  battery,  plus  one  lamp, 
plus  half  the  main  circuit.  All  oalcnlatioiiB  made,  the  value  of  the  E.U.F. 
deduced  from  resistance,  multiplied  by  current,  came  out  as  89  volt*. 
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Dr.  O.  PBOLICH— TEEOET  OP  THE  DYSAMO  MACHDfB. 

(B!<liro(aoftniHAfl  ZaiUchnft,  ToJ.  6,  No.  3,  Slarch,  1885,  y.  128.) 

The  theory  of  the  dyimnui  mftcliine  admita  either  of  an  algebraical  or  ol » 

graphical  treatmant. 

The  graphical  theory  ia  founded  on  Ihe  curve,  called  the  "  ehar»cl«r)«tic  " 
by  Deprei,  and  the  "  curve  of  magnetiam "  by  me,  and  U  nsuoJIy  restriclcd  to 
direct  graphic  deductionB  from  thia  curve.  Aa  ia  well  Itnowu,  the  characteriitic 
it  obtained,  if  for  a  conatant  speed,  varying  carrenta  are  produced  by  the 
dynamo,  and  the  E.M.F.  ii  plotted  ai  ordinate,  the  current  u*  abacissa.  To 
obtain  the  curve  of  magnetism,  obBeTvalions  at  variouB  api«di  mAy  be  employed, 
since  it  is  not  the  E.M.P.  which  is  plotted  as  ordinate,  but  iLe  ratio  o(  E.M.F. 
to  speed.  The  two  curves  only  difier  by  constant  factors ;  but  there  is  only 
one  single  curve  uf  magnetism  fur  one  dynamo,  while  there  are  aoy  number  of 
charactj^riatics,  one  for  eacli  apeeiL  These  curves  only  show  directly  the  action 
olthe  electro -magimts,  and  the  way  in  which  the  magnetiam  ia  effected;  the 
action  of  the  armature  il  only  shown  indirectly. 

These  curves  alune  will  not  oiiawer  all  qnestionaabout  a  given  dynamo; 
they  do  not  tell  us  directly  anything  about  the  relation  between  ihe  curreal 
and  E.M.F.,  for  instance,  and  the  epeeil  and  external  resistance.  To  solve  tbii 
question  we  must  introduce  what  I  caJl  "  current  curves,"  By  putting  tcgellief 
the  curves  for  magnetiam  and  for  current,  the  dynamo  ia  completely  cluUM- 
terised,  and  a  complete  graphic  theory  is  arrived  at,  which  will  be  true  for  any 
kind  of  connection. 

Some  further  knowledge  is,  however,  still  necessary,  viz,,  how  the  dynamo 
will  behave  with  various  kinds  of  'windings,  and  how  the  electrical  quantities 
will  be  affected  by  changes  in  the  dimensions  of  tha  dynamo.  This  fkirther 
knowledge  muat  be  sought  in  the  algebraical  theory, 

A  complete  theory  haa  been  given  by  Clausiua,  but  his  formuln  are  too 
diffloolt  to  be  readily  handled,  and  iwmething  more  simple  ia  requisite. 

Mj  theory  depends  on  Ohm's  law,  on  the  law  of  induction  in  a  magnelic 
field,  and  on  the  hiw,  which  haa  been  proved  experimentally,  viz.,  that  the  so- 
called  "current  curve  "  of  a  dynamo  departs  very  little  from  a  straight  line. 
For  this  last  law  a  simple  formula  can  be  deduced  for  the  rclatiou  between 
"  magnetiam  "  and  "  current." 

As  the  essential  purport  of  this  theory,  the  formula  for  the  magnetitm  is 
very  frequently  given  j  in  reference  to  this  statement  I  desire  t^  remark — 

1.  That  in  thia  theory  for  the  first  time  the  relation  between  current, 
speed,  and  resistance  for  a  series  dynamo  is  cstablished-^a  relation 
which,  in  spite  of  its  simplicity,  has  been  omitted  by  those  who  bare 
formerly  treated  of  this  subject. 

3.  That  this  theory  is  the  only  one  with  which  (or  a  certain  dynamo  an 
agreement  between  theory  and  experiment  has  been  obtained  for  i» 
behaviour  under  all  conditions. 
AlthOllgll  in  what  followa  I  asstune  an  acquaintance  with  my  theory,  I  must 
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recapitulate  tbe  (Undamenta]  fonaulm,  in  order  to  bruig  them  into  a  diSercnt 

shape,  which  will  render  them  more  eaiily  nnderBtood. 

The  electro-motive  force  (E)  of  any  dynamo  ia  proportional  to  the  ipeed 

(!')  and  to  the  force  of  the  magnetio  field  (U),  lo  that 

B  ..  Mv. 

v 
From  Ohm'i  law,  I  ■=  j ' 

hence  I  -^    -rr- 

Since  the  strengtli  of  the  magnetic  Beld  dependionly  on  the  current  (I),  by 
dividing  both  «idea  of  this  eqantion  by  M  we  get  on  the  left  side  a  tanctiun  of 

I,  and  on  the  right  gi  hence  the  current  depends  only  on  the  ratio  of  the  speed 
to  the  resistance. 

But  experience  shown  that  if  ve  plot  these  ratioi  as  abaciiBai  and  the 
current!  aa  ordinati-s,  the  current  carve  doea  not  differ  materially  from  a 
!>traight  line,  which  does  not  past  tlirou^)!  the  origin ;  hence  we  have 

I  -  -^    -  d, 
ill 

-where  e  and  A  are  conitante. 

Eliminating  from  the  above  two  equations  the  quantity  7^,  wegetfortho 
strength  of  the  magnetic  field  an  expresiion  of  the  form 

where  a  and  h  are  conetanta. 

ThiB  point  of  view  is  true  not  only  for  series  dynaraoa,  but  alao  fbr  ahuiit 
and  compound  ones. 

If  we  calculate  the  eoDBtanla  a  and  h  for  varioni  machines,  we  ohtain  differ- 
ent values,  Bince  theao  contain  a  certain  constant  fur  the  armature  besides 
magnetic  quantities.  Tliis  combination  of  conitanta  is  injudicious  j  in  fact,  tha 
(trength  of  the  magnetio  field  U  a  quantity,  which  indeed  depends  on  the 
arrangement  of  the  iron  in  the  machine,  on  the  winding,  and  on  the  claims  of 
the  machine,  but  only  on  their  relative,  not  on  their  absoluia,  values.  II  a 
regular  series  of  machines  are  constructed  of  varioua  sizes,  the  dimensions  of 
which  are  increased  in  a  regular  ratio,  which  have  therefore  similar  geometric 
shapes,  and  if  we  consider  each  machine  in  the  same  proportion  to  its  size,  then 
similar  machines  show  the  eame  strength  of  magnetic  Held. 

It  ia  evident,  therefore,  that  it  is  natural  to  measure  the  strength  of  the 
magnetic  field,  not  na  an  abaolute  value — for  example,  as  the  imrnbGr  of  lines  of 
force  cut  by  tbi!  wires  on  the  armature — but  as  a  relative  value,  i.u..  as  the 
degree  of  magnetism.  This  we  obtain  if  we  put  tbe  maximum  of  tho  mngnetio 
fleld  equal  to  unity,  i.e.,  in  the  above  farmulie  for  M,  b  ••  1.    Hence 

ii 


"  -  m r-'  ■"■■  ^^  -  a- 

1  -^  o' 
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The  Tfklne  m  ia  proportionsil  to  the  number  o[  tnrna  of  wire  on  the  electro- 
magnet, or  mare  nearly,  perhaps,  to  a  cartsin  power  of  this  number;  Uie 
strength  of  the  magnetic  Seld  depend*  only  on  the  prodoct  ol  the  quantity  m 
multiplied  by  I;  taking  tbi«  product  a«  abtcisia,  and  the  Btrenglh  at  the 
magnetic  field  at  ordinate,  we  oblajn  for  any  dynamo  always  the  •ame  coire. 
The  degree  of  magnetisalioa  of  &  machine  is  ibowD  by  the  corresponding 
points  of  this  curve,  and  showa,  if  the  machines  are  similar,  in  the  above 
method  uf  redtOniug  oiwaye  the  same  number,  c.f^  073 — that  is,  72  per  cent  a( 
the  maximum  strength  of  the  magnetic  Geld. 

The  carve  of  the  magnetic  fleld  it  characterised  by  the  fa«t  that  at  the 
commencement  it  rises  searly  in  a  straight  line,  then  turns  sharply  to  the 
Kght,  and  approaches  at  an  infloitfl  distance  as  an  asymptote  a  horiiontal 
atraight  line.  I  propose  to  call  Ibo  point  where  the  change  of  direction  i* 
most  marked  the  "  elbow  "  of  the  curve. 

For  practical  purposes  we  only  need  to  use  the  curve  near  its  "elbow,"  since 
w8  make  use  neither  of  a  very  weak  magnetic  fleld  (which  would  mewi  that 
the  dynamo  would  produce  only  a  very  small  current),  nor  of  a  very  strong 
field  (which  would  lead  to  too  great  an  expenditure  of  power  to  produce  it). 

It  is  not  to  be  forgiitten  that  in  reality  the  curve  of  the  magnetic  field  does 
not  gradually  increase  up  to  the  value  1,  but  for  large  currents  falls  off  pant  the 
etbow,  this  tailing  off  being  due  to  the  action  of  the  current  in  the  tLrmature. 
This  complication,  however,  need  only  be  taken  into  account  when  we  are 
dealing  with  very  targe  currents. 

In  modem  times  a  variety  ol  method!  of  winding  dynamus  has  been 
introduced,  and  the  magnetic  field  is  due  to  a  combination  of  these  windingi; 
and  we  have  to  find  the  total  magnetic  field  U,  if  the  partial  fields  Ui  and 
Mj  are  given. 

The  following  formula  will  give  this  value ; — 

e.S.,  if  the  individual  magnetic  fields — i.e.,  the  fields  which  would  be  produced 
by  either  set  of  coils  actiag  separately — are  M]  -  0-60,  Mj  —  0'S6,  then 
M  —  0-S5.  Aeauming  that  Mi  -v  U,  —  l~~i.t.,  that  one  is  always  the  comple- 
ment— then,  if  we  plot  Mi  as  ahscLssE,  M  as  ordinates,  we  obtain  a  curve  fnjm 
which  we  see  that  on  the  whole  we  obtain  a  more  powerful  field,  the  more 
powerful  one  of  the  individual  fields  is,  thus  ^— 

IfM,  --),&(■-  J.-.  M  -o-m-. 

if  Ml  -  J.M,  -  i.-.U  =  0-77; 

if  Ml  ^  1,  M,  ~  0  .-.  M  -  1-00. 
If  we  pat  the  value  of  M  &om  formula  (1)  into  the  equation  for  the  cnrrent, 
we  ohtain — 

^->"5-S     ■       <») 

in  which  /  is  a  constant,  which  has  to  bo  introdnoed  in  place  of  the 
constant  b. 

Both  terms  on  the  rlghtareaarrents:/—  is  the  maximum  current  (t>), 


ABBTBA0T8.  STG 

tliat  ii,  that  current  wbicliwonid  be  prodaeed  for  aEpeedCv)aDdareiUtaiic«(B 
if  tbe  msximuiQ  magnetic  field  was  at  work ;  is  that  cnrrent  wMcli  nrait 

circolate  in  tbe  wlndingfl  of  the  magnets  to  give  rise  to  tbe  magnetic  field  ^. 
Tbe  meaning  of  tbe  two  terms  becomes  iitill  clearer  in  the  "  ourrent 

curves"  which  we  obtain  by  plotting  the  ratio  — ^absciasB,  IaHordinatea,and 
which  except  at  its  commencement,  correiponda  with  a  straigbl  line  which 
does  not  pass  through  the  origin.  It  now  we  draw  a  line  tbroiigli  the  origin 
parallel  to  this  atraight  line,  we  have  the  line,  the  equation  of  which  is 

or  the  line  of  the  maximum  carrent ;  hence  for  a  given  value  of  — ^,    we  can 

n 
always  obtain  the  real  current  when  wa  subtratt  from  the  corresponding  value 
of  the  maximum  cnrrent  the  value  of  tbe  current  necessary  for  producing  the 
magnetic  field  ^, 

We  can  And,  therefore,  for  a  dynamo  with  any  method  of  winding,  any 
electrical  quantity  (except  work)  by  lookiog  at  the  question  from  two  [loinlH  of 
view — 1st,  when  the  maximum  magnetism  is  produced,  and  2nd,  when  tJie 
current  in  the  electro-magneta  baa  auch  a  value  that  the  magnetic  field  becomea 
Ji  we  calculate  the  corrcaponding  electrical  quantities  for  each,  and  the 
diSerence  of  the  two  is  then  equal  to  the  real  value  sought.  By  means  of  this 
law,  moreover,  we  separate  every  electrical  quantity  into  a  quantity  belunging 
to  the  armature  and  a  quantity  helonging  to  the  elect ro-m ague ts. 

I  propose  to  return  later  to  this  question  of  tbe  relative  p^rts  played  by  the 
armature  and  tbe  electro-magneta  in  tiiese  equations,  and  1  will  give  now  the 
form ul OS  for  diSerence  of  potential,  E.M.F.,  and  current,  for  various  types  of 
machines : — 

Let  E   =  theE.M.P. ; 

lo,  !(,  I  -  tbe  currents  in  tbe  armature,  in  the  ihuul  circuit,  and  in  tha 
outer  circuit  j 

F  —  tbe  difference  of  potential  at  the  terminals ; 

a,i,p   —  tbe  resistances  of  the  armature,  the  series  coils,  and  tbe  ahtmt 
(parallel)  coils ; 

S  •■  the  outer  resistance  ; 

fli,^  m,,   -   number  of  turaa  in  the  series  and  ahunt  coils  respectively. 

A.  Sriibs  Denaho. 
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NameroiiB  ciperimwnta  with  dyruanOB  wound  in  Tarioni  ways  hava  proved 
tlie  ftccoracy  of  the  above  (onuulM.  The  wnly  point  on  which  1  have  still  noma 
doubt  ia  nhether  the  quantity  rn  shoutd  he  made  pToportionul  t^  the  number 
lit  toros  of  wire  oo  the  magnets,  or  to  soma  power  of  this  number. 

A  table  is  given  showing  the  actual  remlls  obtatneil  with  a  large  Siemens 
dynamo,  compound  •round,  giving  a  current  of  about  IbO  ampiret,  with  an 
E.M.F.  of  about  125  volta.  An  inipecCion  of  this  table  showi  that  the 
diflerencvB  between  the  vnlnes  actually  measured  and  those  uhtained  by 
calculation  from  tlic  formulas  do  not  exceed  one  per  cent. 

The  deduction  of  practical  rules  tor  winding  dynamos  from  the  above 
tbeoty  is  not  laxsy,  on  account  of  the  complicated  reckoning  required ;  but 
many  esperimenta  may  be  sftTed  in  constmcting  dynamon  if  tor  any  compound 
ViiDding  we  determine  the  constants  /.  m,,  and  mp^  and  Cry  to  Qnd  out  by 
calculation  bow  m,  and  nip  should  be  changed  so  as  to  obtain  as  straight  a  line 
OS  possiblu  as  representing  the  difference  of  potential  at  tbo  terminals. 

A  quii-sttou  which  lias  arisen  is  that  of  the  change  of  difference  of  potontial 
with  the  speed  in  simple-shunt  and  compoimd  machines;  a  glance  at  the  pre- 
ceding formulte  will  give  the  answer,  viz. ,  that  this  change  Is  somewhat  less 
with  compound  mni'hines  than  with  shunt  machines.  The  same  theory  has 
also  led  to  a  combination  of  windings  by  which  it  U  possible  to  maintain  a 
constant  current,  which  ij  very  useful  in  clectrolytical  operations.  This  can 
be  doue  by  winding  a  very  lew  series  coils  on  tbo  top  of  the  shunt  colts  of  a 
dynamo,  the  connections  being  so  made  tliaC  the  current  flows  in  the  oppotttt 
direction  in  the  series  coils  to  what  it  does  in  the  shunt  coUs :  by  this  means 
tbe  cnrretit  may  be  kept  constant  althougli  the  eiterool  resistance  may  vary 
M  pet  cent. 


O.  FOUBSIiltEAn— ELEOTfilC  BE8ISTAN0E  OF  ALOOHOIt 
(Journal  de  PTi'jtijue,  Vti!.  4,  Oct.,  1885,  p.  *50.) 
Tbe  first  experiments  were  made  upon  several  snmples  of  commercial  abso- 
lute alcohol,  with  the  result  that  tbe  speciflc  resistance  at  IB"  C.  varied  from 
1'17  megohms  to  3-68  megohms.     The  wide  differences  between  the  valoei 
obtained  were  too  great  to  be  attributed  to  errors  of  observation ;  and,  bearing 
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in  mind  his  ezperiments  on  distilled  water  in  whioh  ininole  qnaatitiea  of  lalu 
-were  dissolTeil,  tlie  author  proceeded  to  the  inveitigation  of  the  results  ot  locli 

adiUlioaa  to  alcohol. 

Successive  quantities  of  water  w«ra  added  M  the  abaolute  alcohol,  and  it  wai 
found  that  the  reaialAnoe  cuutlDuaU;  decreated  ai  mure  and  more  wai«r  wu 
added,  until  there  was  only  three  per  cent,  of  alcohol  in  the  mixture,  afUt 
which  further  additions  ot  water  caused  an  IccreaK  in  the  reiisUince.  It  wai 
soon  apparent,  however,  that  tlie  jtresence  of  euch  a  large  quantitj  of  ■vater 
was  necessary  tu  cause  any  considerable  decrease  of  resislaoce,  th;it  the  small 
quanlitiea  fcmiid  in  commercial  abaolute  alcohol  coold  not  be  sufficient  W 
account  for  the  different  values  obtained  in  the  drst  experimenti^ 

The  BliehlL-at  trace  of  any  salt,  inappreciable  by  any  ordinary  tests,  hu  a 
most  marked  eSeot  on  the  resistance;  acids  hove  the  S3.me  effect.  The  effect 
was  best  sliown  in  the  case  of  caustic  potash,  tlius — 

Proportion  of  KHO.  Resistance. 

o  1 

Tniinn,         0-S95 

^rh^         O-dSW 

tAh         O0018 

Seeing  this  result,  it  was  to  be  eipec^ted  that  the  resistaoos  of  alcohol  \roiild  be 
afFected  by  the  gradual  solution  of  traces  of  the  alkalies  contained  in  the  glass 
ot  the  vessels  in  which  it  was  kept;  and  the  author  touDd  that  such  wiis  the 
case,  while  vessels  of  porcelain  had  little  or  no  effect.  One  experiment  was 
made  with  a  sample  of  alcohol  which  had  bean  prepared  with  every  possililo 
precaution,  and  kept  in  a  stoppered  bottle  for  two  ysan.  The  speciflo  resist- 
ance was  0'S78  megohms — a  result  fiam  9  to  13  times  kss  than  had  been  obtained 
with  commercial  absolute  alcobol.  If  the  alcohol  is  heated  above  4li°  C,  Uie 
action  is  still  more  marked. 

Since  slight  impurities  decrease  the  specific  resistance  of  the  alcohol,  it  is 
interesting  to  find  out  what  is  the  maximum  resistance!,  since  we  may  then 
conclude  that  we  liave  altio  the  maximum  degree  of  purity.  To  do  away  with 
the  eOect  of  the  glass  the  alcohol  experimented  upon  was  specially  distilled  in 
a  copper  still,  and  received  in  porcelain  vessels.  One  sample  collected  in 
unglazed  porcelain  had  a,  specillc  neaiatance  of  G-14  megohms,  which  bitd  oulr 
fallen  to  5*21  megohms  at  thu  end  of  xi.x  days,  showing  that  scarcely  any  salt 
hod  been  dissolved  out  of  the  porcelain.  Another  sample,  repcal«d]y  poriScd 
over  lime  and  anhydrous  baryta,  gave  the  value  7'03l  meguhras,  which  by  two 
hours'  contact  with  a  glass  bottle  fell  to  2623  megohms.  This  result  was 
checked  a  few  days  later  with  a  fresh  quantity  of  alcohol,  collected  in  porce- 
lain, and  the  value  OSifB  megohms  was  obtained. 

The  eflects  of  alteration  of  temperature  were  also  investitrated,  tliough 
with  difDctilty,  owing  to  the  alcohol  diuolring  out  some  of  the  alkali  Irom  the 
glass  vessels.  The  realatances  S(  and  B|i  for  the  two  temperatures  (  and  t^  are 
connected  by  the  equation 
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The  Talae  of  the  coefficient  a  wms  detennlned  for  the  TMionj  experimeati,  and 

waa  tound  to  te  for 

-  la-B"  to  +  170  -  I-0166i 
0°  to  +  15°  -  1-0147; 
+  12°     to  +  21°  -  1-0135. 
Tbe  author  hu  ettabliahed  the  tact  that  for  diatilled  water  and  aome 
foaed  aalts  tbe  reaiilance  variea  as  the  co-eflitienta  of  internal  friction  j  this, 
however,  dues  cut  hold  ia  the  case  of  aloobol,  tlie  coefQcient  of  frictioa  ol 
which  variea  much  more  rspidlj  than  tbe  retiitance. 


P,  H.  LEDEBOEa-MEASUREMENT  OP  SMALL  BE81STANCES. 
{La  Lnnicre  EleclHqae,  Vol,  17,  No.  27,  Juhj  4,  1885,  p.  1.) 

The  usual  method  is  by  the  double  bridge  plan  due  to  Thamion,  and  the 
author  conaiders  \rhat  are  the  1)eat  coaditiona  under  vhich  the  meaiare- 
meitts  may  bo  made,  assuming  that  fL>r  ordinary  purpusea  we  may  admit  an 
error  of  one  per  cent.,  or,  in  vi^ry  exact  casea,  of  one  in  a  thousand)  indeed, 
the  liueal  meaaurementa  of  thti  dimenaionti  of  the  bar  or  rod  will  not  admit 
ot  a  closer  approximation  than  this.  Tlio  method  of  meaanrcmnnl  itself  is 
too  well  known  to  need  description,  and  It  will  suffice  to  glance  at  the  con- 
diliona  recommended.  From  the  formula  for  the  current  in  the  bridge  it 
appears  th;it  when  the  rusLslanoe  to  be  measured  is  very  nearly  equal  to 
the  standard  of  comparison  the  auxOiarj  resistances  should  be  small.  It  la 
also  advisable  to  have  aa  large  a  diSerence  of  potontiiil  aa  poasible  at  the 
flndi  of  the  resistances;  this  being,  however,  limited  bj  the  fact  that  it  ia 
undesirable  to  heat  the  conductors.  For  nearly  equal  resistances  good 
conditions  are  obtained  if  we  make  the  auxiliary  resistances  about  1  or 
2  ohms,  and  tbe  resiatanca  ot  the  galvanometer  from  *  to  10  ohms. 

In  the  case  where  the  standard  resistance  is  greater  than  the  resistance  to 
be  measured  there  ie  not  tbe  samn  objection  to  the  auxiliary  resistances 
beijig  turge — they  may,  indeed,  be  considerably  more  than  that  of  the  galvano- 
meter— but,  on  the  other  hand,  owing  ta  the  small  differences  of  putenlial, 
the  galvanometur  mnst  be  highly  sensilrive,  unless  we  m3.ke  use  of  mercury 
or  German  silver  wire  aa  the  standard  of  comparison,  when,  owing  to  the 
Mmpei-ature  coefficient  being  very  small,  wo  may  use  higher  diSerences  of 
potential. 

Another  method  of  measuring  verj  small  resistances  ia  with  the 
illSerenlial  galvanometer,  as  has  been  described  by  Eohlrausch,  who  shows 
a  way  of  eliminating  tbe  small  errors  duo  to  any  dissymmetry  in  the  two 
bobbins.  The  same  considerations  aa  to  the  G.M.F.,tbe  resistances,  Ac,,  to  be 
used,  hold  good  in  this  case  alao. 


P.  MABCILLA.C-THE  DBT  PILE  OF  PROFEBSOE  PALMIEai. 
(ta  LumiJra  Eltctnque,  Vel.  18,  Ifo.  41,  Ott.  10, 1885.  j).  69.) 
Owing  to  the  construction  of  Bohnenberger's  electrometer,  the  question 
of  a  good  dry  pile  which  should  not  be  affected  by  the  hyt^omAt.T\n  %'t^'iA  <A. 
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the  air  baa  become  of  mme  importance.  Drj  piles  are  very  lang-lived — one 
made  by  Zamboni  fifty  jeam  ago,  and  which  ib  in  the  poasesBioQ  of  Palimeri, 
still  flioaa  traces  of  action — but  ai  usually  constructed,  witli  tile  discs  in  clow 
contact  with  the  glass  tuba  in  wbick  they  are  plAced,  the;  lose  macli  of  their 
power  in  damp  weather. 

In  the  form  of  dry  pile  imagined  hy  Patmieri  the  disci  of  paper  ar« 
covered  on  one  side  with  tinfoi',  and  on  the  other  with  peroxide  of 
manganese  rendered  coherent  by  lailli.  A  great  number  of  these  discs  trv 
piled  on  the  top  of  eacb  other,  and  are  placed  on  a  metal  base  having  threa 
horizontal  projecting  arms.  Butrouading  the  pile  of  discs,  but  at  a  distance 
of  some  millimetres,  is  a.  glass  cylinder,  tbtis  allowing  an  air  space  all  roand 
the  pile ;  on  the  top  of  the  pile  is  a  brass  plate  against  which  preues  a  set 
screw,  which  passes  through  a  nut  with  three  horiiontal  arm*.  These  three 
arms  of  the  ntit  are  connected  to  the  three  arms  of  the  base  by  three  silk 
oolds,  auil  thus  the  pile  can  be  compressed  ai  desired.  The  only  thicg 
necessary  is  to  dry  the  silk  cords  from  time  to  time,  and  the  pile  ii  then  most 
perfectly  insulated. 


J.  ELSTEB  and  H.  OEITEL— UNIPOLAE  CONDUCTITITT  OP 
HEATKD  GASES. 

(^Annaltn  dir  Phyiik  ftnd  Chamia,  Vol.iG.Ft.  1,  N«.  0,  1885,  p.  I.) 
The  object  of  this  communication  is  to  show  that  the  theory  put  forward 
by  Ilerwig  with  retpect  to  the  unipolar  conductivity  of  gas  flames  is  founded 
on  the  phenomenon  obcerved  by  the  authors,  that  electricity  is  produced  lo 
soon  as  gas^s  come  into  contact  with  inc4>Qdeacent  bodies.  Their  resultc  may 
be  summed  up  thus :  Every  Bame  may  be  regarded  as  a  current  of  heated  gas, 
which  products  uegative  tlectrieity  in  incandescent  electrodes  introduced  into 
it,  as  well  as  in  the  solid  particles  iu  it ;  hence  it  is  probable  that  the  in«an- 
descent  particles  of  gas  themselves  nxay  be  considered  as  playing  the  part  of 
the  electrode  towards  the  cooler  onti.  The  obBervations  of  several  expert. 
menters — amongst  others,  Bunkel  and  Guthrie — agree  in  the  conclusion  that 
the  interior  of  a  flame  is  a  positive  unipolar  space. 

The  authors  have  repeated  some  o£  the  former  eiperimenla,  including 
those  of  Guthrie,  using  for  the  purpose  the  Paqnelin  burner.  Tliis  consists  of 
a  hollow  platinum  sphere  filled  with  apongy  platinum,  inside  which  a  mixture 
of  vapour  ot  benzine  and  air  it  burnt.  The  ejqwrimeiits  fully  con&rmed 
Guthrie's  observation  that  the  conductor  is  much  more  rapidly  discharged 
when  it  is  negatively  el eo trifled  than  when  it  ia  positively  electrifleH.  The 
discharge  by  the  incandescent  plalinnm  sphere  still  takes  place  at  a  distance 
of  half  a,  milre  and  more,  when  of  course  there  can  be  no  longer  any  ijaestion 
of  true  conductivity  of  the  air ;  also  the  phenomenon  of  unipolarily  disappears 
if  the  incandescent  sphere  which  is  pat  to  earth  is  brought  up  t«  within  9  cm. 
of  the  conductor. 

The  authors  also  investigated  the  question  of  the  behaviour  ot  constant 
source!  of  electticity  iu  Ite  tot.  fcw  iurtouniui^  the  Pa<[uelin  burner,  and 
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foand  that  Uiit  bot  air  vai  ncgativelj  miipolar,  in  oppodtion  i«  tlie  flame. 
They  alio  measured  the  potential,  aod  gWo  a  tabla  of  Talues,  from  whiuh  the 
negative  uoipolarily  of  tbe  Lot  air  is  vety  apparent.  Some  meagurcment 
made  with  large  battcrj  power  were  speciallj  tntcTesting  as  sbowing  that  the 
electricity  developed  at  tlie  iacaadesceut  sphere  was  sufficient  t^  rtducs  to  iwro 
the  potential  at  the  negative  pole  of  a  battery  of  about  8-5  Danielle. 

According  to  the  authori  the  followi;ig  is  «bat  happens  in  the  case  of 
unipolar  conductivity  in  flames-. — Lumiuaus  flnmea  are  fn]i  of  a  great  quantity 
of  carbon  particles  at  a  white  heat,  which  are  couitantl;  negatively  ulectcilied 
with  respect  to  the  surroundiTig  gas.  If  two  oppositely  charged  electrodes  are 
introduced  into  the  flame,  these  ncfpitively  olcctritied  particles  arc  repelled  from 
the  negative  electrode,  and  are  attracted  to  the  positive  electrode,  the  positive 
charge  on  which  is  thus  neutralised.  The  negative  particles  do  not,  however, 
lose  their  charge  finally,  but  regain  it  owing  to  the  E.U.F.  acting  between 
ibe  heated  gases  and  the  sjlid  incandescent  bodies. 
I  In  the  case  of  non-luminous  flames,  the  explanation  of  the  unipolar  con- 
dnctivity  ia  attended  with  great  difSculties,  since  it  must  be  assumed  either 
thai  they  also  contain  a  ■ufficient  number  of  solid  particles  to  account  for  the 
phenomenon,  or  eUe  that  the  hotter  particles  of  gas  behave  towards  the  lesa 
hut  in  the  same  way  at  the  solid  particles  in  luminous  flumes  do  to  the  sur- 
rounding gas.    The  latter  i»,  in  the  authors'  opinion,  the  more  probable. 


I 


W.    V.     BEETZ -GALVANIC    DEY    BATTERIEB    AND    THEIE    USB 

FOB  JELECTHOSIETEH;  AND  UALVANOJlETniO  MEASUREMENTS, 

(Innolm  iUr  Phytik  und  Chemie,  IW.  26,  Pi.  I,  Ko.  9,  1883,  p.  18.) 

The  batteries  described  consist  .jf  U  tubes,  one  half  of  which  ia  filled  with 
solution  of  copper  sulphate,  the  other  half  with  solution  of  zinc  sulphate,  both 
iegs  of  the  tube  being  filled  with  plasler  of  Paris;  before  this  had  set  a  copper 
ire  was  introduced  into  the  one  limb  And  a  zinc  wire  into  the  other,  and 
finally  both  ends  were  stopped  up  with  paraffin.  These  celts  having  been 
under  observation  for  some  fifteen  montlis,  the  author  is  in  a  position  to  give 
particulars  of  their  behaviour.  The  E.M.F.  of  these  cells  was  tested  against  a 
standard  Diiniell  (I  058  volt),  which  was  compared  with  a  Latimer  Clark  cell 
(1-157  volt).  Since  Lord  Rayleigh's  latest  determination  of  the  Latimer  Clark 
cell  ll'i34  volt)  the  E.M.F.  has  been  redetermined,  the  standard  Daniell  used 
being  taken  as  1-177  volt  as  measured  between  16°  and  20". 

In  the  oldest  cells  (Group  I.)  the  zinc  was  not  amalgamated ;  in  the  newer 
ones  the  zinc  wire  is  covered  witli  shellac,  with  the  exception  of  its  extrems 
end,  which  was  amalgamated.  In  the  cells  of  Group  II.  the  sdnc  and  copper 
solutions  were  saturated  at  the  ordinary  temperature,  whilst  in  Group  III. 
they  were  diluted  with  half  their  volume  uf  water.  The  solutions  in  Group 
IV.  were  concentrated  by  boiling,  while  in  Group  V.  the  so  cuncenlratiid 
solutions  had  a  portion  of  powdered  salt  added  to  them.  In  the  last  three 
groups,  moreover,  the  tubes  were  almost  enUwl^  ftUe4ii\'Ctv  t;\"'*''  sj^'^«*>» 
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moUtened  bj  diitilled.  water,  ontyaboat  i  cm.  at  each  end  tontjiining  Uio 
reipective  solaliooa.    The  valuea  of  the  EJM.F.  are  tabulali^d  belaw:— 


Group, 

Cell. 

2i/S/84. 

1S/6/H. 

29/6/84. 

SO/9/84, 

22/1 /8S. 

9;b/86. 

8/4/88 

I. 

!■ 

1-047 

... 

I-tME 

1-049 

*ii 

1-050 

1-043 

1-045 

1-043 

1-OU 

*•> 

1-048 

1-OU 

11. 

4 
8 

.11 

1-059 

... 

1-064 

1-055 

1-OEG 

1-050 

..« 

1-057 

l-OSo 

1-054 

I'OM 

1-055 

1-054 

ni. 

1  ai 

... 

1-0G6 

I-QOfi 

1-0C7 

1-004 

1-069 

... 

1-OOS 

1-0C6 

1-OPH 

1-0611 

1-006 

IV. 

,96 

'    28 

... 

A. 

1-Ofia 

1-064 

i-oea 

... 

... 

1-064 

1-06S 

1-062 

V. 

j  36 
i  39 

... 

i-oeo 

1-OGI 

1-060 

1-OfiI 

l-DGO 
1-0C3 

From  the  aliove  table  it  appears  tliat  tlie  cell*  with  iion^amalgnmated  uuc 
hsTB  the  BBialleHt  E.M.P.,  Ihoee  with  dilute  solution*  the  liigliest.  For 
congtaDC;  all  the  cella  are  about  tqually  ^od.  The  author  think*,  thcrefoTV, 
that  such  ualli  may  advantageoualj  be  used  iu  menaDreineDts  as  staadard 
cells,  since  their  B.M.F.  is  very  alighlly  iaguenced  by  chaEgea  of  wmperature. 
l*be  object  of  introducing  a  large  cotamn  of  plaster  of  Paris  moiH^ned  only 
with  pure  water  is  to  iucreaae  the  internal  tusJ5t.ince  of  the  cell,  as  well  as  to 
prevent  the  diUnsiou  of  the  aolation  of  sulpiiatp  o!  copper,  which  might  other- 
wise  attack  the  iluc  poU-. 

The  author  has  conttructed  similar  cells  with  chloride  of  silver  and  linc, 
but  did  not  obtain  very  Baliifactory  results.  These  were  better  with  cellt  in 
which  the  plaster  of  Paris  wag  saturated  with  a  pupcrsaturated  solntion  of 
nitrate  of  silver.    Sucli  a  cell  has  an  E.M.F.  of  1-52  volt. 

The  decrease  of  the  E.M.F.  of  these  dry  cells  for  a  long-continued  short 
circuiting  only  reaches  1  or  2  per  cent-.,  and  on  open  circuit  they  regain  Uieir 
former  value. 

The  effect  of  temperature  on  tlie  internal  resistance  of  these  cells  it  shown 
by  measurements  made  on  cell  No.  29,  Irelooging  to  Group  HI.  At  l-fio  c., 
B  -  332,300  Siemens  unils;  at  SO"  C,  B  -  133,900  Siemens  uniU,  whicb 
Rives  a  temperature  coefGcietit  of  0-04  per  degree  centigrade. 

The  paper  concludes  with  details  of  measarementi  made  to  verify  the 
constancy  of  tlie  E.M.F.  on  closed  circuit. 


B.  W.  WILLSOIT— A  SENSITIVE  GALVANOMETEE  WITH  MEASUB- 

ABLE  REDUCTION  FACTOH. 

{Aimalen  dm'  Fhyiik  itnd  Chamie,  Vol.  26,  PI,  ],p.  M,  Wa.  8,  1B8S.) 

After  a  mathematical  investigatian  of  the  action  of  the  tangent  galvono. 

meter,  which  is  fundamenUAlj  t^e  Bam«  'u  ^.^\b.v  ^icnV;  l&as:wU  in  par>- 
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graph  700  ol  hii  treatige,  the  author  procaeda  lo  a,  tJeicriplion  of  the  particular 
iiutniaient  which  he  conal.ructed.  It  canslstB  of  a  coil  with  it  magnet  needle 
at  its  ceatTe,  provided  with  a  mirror  for  reading  bj  means  of  a  fixed  scale  and 
l«leECope,  and  aa  far  ia  of  the  usual  forca ;  it  is,  howeTer,  so  arranged  that  the 
coil  can  be  shifted  laterally  in  either  direction  parallel  to  lis  axil,  tLe  atnouut 
of  movement  being  measured  on  a  scale. 

The  position  of  the  coil,  in  which  the  needle  is  directly  in  iU  centre,  can 
be  easily  determined,  within  a  small  fraction  uf  a  millimetre,  hy  taking  the 
mean  of  the  several  positions  on  opposite  sides,  for  which  the  enrrent  prtxlucej 
equal  dedectioni'.  The  dimensions  tu  be  given  to  the  galvanometer  depend 
upon  the  degree  of  exactness  with  which  the  deflections  ran  be  determined. 
If  wo  admit  that  with  a  scale  and  telescope  we  can  arrive  at  a  minimam  error 
of  joJuu  of  the  deflection,  then,  in  order  that  the  valne  of  the  distance  (A)  uf 
the  magnet  from  the  plane  of  the  coil  may  be  determined  with  equal 
exactitude,  the  distance  between  the  tv-o  extrt^me  positions  of  the  coil  should 
be  100  mm.,  i.e.,  A  =50  mm.  The  radius  of  the  coil  is  determined  by  the 
equation  A«Il.yi, '"^■'^''  ■'  deduced  mathematically  in  the  first  part  of  the 
paper. 

The  dimensions  of  the  winding  of  the  coil  itself  depend  upon  the  nearaeia 
with  which  the  coefficients  ol  correction  (i  and  $)  in  the  equation 

1  n  P  /  ,     •, 

lan.f-— ^   I   1 +a  +  ^-i-7+4o.  1 

for  the  value  of  the  eiirrent,  can  be  obtained.  It  the  windings  have  a  rectan- 
gular section  [h  — height,  ^  =  b^eadth),and  if  A— B^^,  then  a  —  ^ — —7-'  I'. 
however,  the  height  and  breadth   are    not   nearly  equal,  let  b— A»t,  then 

B  '  ^tJl'.    If  the  height  and  breadth  of  the  windings  can  be  measured 
IB  K' 

within  0-1   mm.,  then   the  differential   of   >   is  lets   than  0'2  mm. ;   and   if 

B-lOO^  j7lhen  d  a  becumes  00001  for  h-23  mm.     The  cuemdent  B  in  the 

case  of  the  above  dimensions  would  be  only  O'OOOOOS.    five  thousand  turns  of 

wire  can   be  wound  on  a   ring  ot  the   dimensions  given,   which   with  one 

microampere  of  current  and  a  distance  from  mirror  to  *cale  of  2}  m&ttea 

would  give  a  defection  of  10  mm. 

The  magnet  is  fastened  to  the  back  of  the  mirror,  which  is  luipended  by  a 

cocoon  fibre  from  a  torsion  head,  and  ia  clusely  surrounded  by  its  case,  so  that 

it  acts  aa  its  own  air.damper.    The  case  is  fixed  on  a  bur,  which  serves  at  the 

same  liino  as  support  for  the  disc  on  which  the  wire  is  wonnd.    A  vernier 

attached  to  the  disc  mensare*  its  displacement  on  a  millimetre  scale  on  the  bar 

The  whole  instrument  can  be  rotated   about  a  vertical  aiit,  and  ii  provided 

with  leveltiug  screws.     The  coil  consists  of  two  double  covered  wires  of  about 

0-35  mm,  diametur,  wliich  are  wound  on  cloie  to  each  other,  and  are  tamed 

over  at  each  freib  layer. 


SM  ABSTRACTS, 

A.  NACCAAI  and  O.  GUOUEIiHO-HSATINO  OF  EIiEOTRODES  Dj 
VEET  KAEEPIED  AIR. 

(BMlilUr,  Vol.  S,  Xc.  II,  1885,  p.  7E1.) 

Three  cyliDilrical  tUln  platiDom  electrodeu  were  Oxed  in  A  T->tutped  tube. 
Tliey  were  11  cm,  long  and  i-2  cm,  thick,  and  were  connected  eilemaUy  wiih 
capillary  tobes  in  which  the  riw  ut  the  alcohol  in  the  electrodei  coald  be 
noted.  The  electrodea  were  each  i  cm.  dislAnt  from  the  juaction  of  Ibe  T  tubft 
The  middh- tlectrijde  was  nl ways  ^coiiiiec ted  to  one  pole  of  the  indttction  coil, 
and  one  or  other  of  the  two  end  electrodes  to  the  other  pole.  The  air  wss 
thoroughly  dried  by  meana  of  sulphuric  acid. 

For  pressures  from  1*76  ti>  1)02.'!  mm.  tbo  heftting  of  the  negative  electrotte 
inereaseg  for  decrease  of  premure ;  the  beating  of  the  poaiUve  electrode,  which 
ia  withdrawn  from  the  radiation  from  the  negative  electrode,  ifl  very  smkll. 
Tbu  hfating  of  the  iDsalatcJ  electrode  by  the  radiation  is  not  atnall. 

For  very  low  pressures,  huwever,  the  positive  electrode  heated  conairlcrabl]', 
whilst  the  negative  remained  quite  cold;  this  occurrtJ  when  the  plM^trmlei 
were  only  t  mm.  apart,  but  not  when  they  were  8  mm.  apftrt  (t.a.,  each  4  mm. 
from  ihe  juuclion  of  the  T  tube  J.  It  aim  appears  that  at  very  low  presBaru 
the  heating  of  the  ntgaiivu  eleclrodo  decrease*  i  that  of  the  pL>sitive  increases. 
In  accordance  with  this  is  the  observation  of  Hittorf,  that  for  very  smil) 
distances  between  the  elactroiles,  and  for  estremtly  low  pressure*,  the  poiiiive 
electrode  is  disintegrated  and  remains  dark,  in  contradiction  to  what  happeni 
at  higher  prenurts  when  the  electroiles  are  further  opart. 

In  some  further  experiments  at  a  pressure  uf  0>37  mm.,  with  a  rapidly 
increasing  current,  the  heating  of  the  negative  electrode  increased  somewhat 
quicker  than  in  the  former  ones,  whilst  the  heating  ol  the  jiositive  electrode 
remained  almost  constant.  Simitar  resulla  were  olitained  wheo  a  Holts 
macbiae  was  used  in  place  of  the  induction  coil,  only  the  amount  of  heating 
was  somewhat  less. 

The  amounts  of  heat  produced  are  for  unit  value  of  the  heating  of  the 
electrodes  (tneasured  in  divisions  of  the  column  of  alcohol)  about  01177  miall 
calories  (gramme- degree  centigrade^ 

The  paper  contains  tables  giving  the  pressures,  currents,  and  rise  of 
temperature  of  the  three  electrodes. 


O.    POLONI— RELATION    BETWEEN   THE    ELABTICITr    AKD    THE 

CONDUCTIVITY     FOR    HEAT    AND     ELECTEICITT    OF    SOME 
METALLIC  WIBEB. 

(BriilaM*r,  Ul.  fl,  Ho.  II,  1885,  p.  743.) 
A  simple  relation  between  the  coefUcientof  elasticity  and  the  condaclivitj, 
and  their  chaogi'S  for  regolar  changes  of  temperature  o(  the  whole  trire,  doei 
not  seem  to  exist. 

If  a  wire  is  heated  at  one  sirgle  point  to  a  temperature  (f)  above  that  of  the 
turrOQiidiag  airj   it  B„  a  tUe  CQixdMcUvlty  before  heating,  and  B  after  beating^ 
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['  then  H  —  R„  +  01.    If  a  li  the  temperature  coeffloient  of  the  reaiitance  of  the 
r  wire  for  Biteadyincreaseof  temperatuK,  diu  diameter,  Kc  and  biti  internal  and 

laxternal  condactivity  for  Lest,  then  B  —  °  "^"^  y/Hi 

All  the  wires  were  silver-plated.    Itfor  iroaatSOoo.,  E^  -  O-IGSS  (Lorenz), 
k  tor  silver  is  0-0007923.     If  we  put  p  -  -^,  D  -  epecifia  gravitj,  [C,  —  the 

electrical  CO ndnotivity,  »E  thedacreaaeof  (be  modulus  of  elaBlicity(E)  for  each 
degree  of  increase  of  temperature,  then 

,,     °    -  —  constant  —  JI;  — = — ■,„— 77=  —  constant  ■■  N; 

■u- 

hence  b  i/S  ~  ^  -"  constant 

In  reality,  the  value  10*  ■  -^ ,  aiccording  to  Foloni,  variea  for  tlie  different 

metali  between  5,780  and  7,S74 ;  according  to  Amdtsen,  hetween  4,415  and 

7,048;  accurding  to  MatthieBsen,  betiveett  6,520  and  S.269. 

If 
If  we  egtablish  the  aamu  relations  for  another  wire,  Ihen,  since  r^  at  eqnal 

* 

^temperatures  is  coDstaot  for  all  wiret, 

(  t'  E' )'         a_        h 

\  where  the  diuhed  symbols  refer  to  the  second  wire,  and  from  which  eqaation 
,  the  emisgion  constant  can  be  determined. 

The  simple  qnotients  .■,  ?.  vary  for  silver,  copper,  platinum,  and  iron — 

both  hard  and  soft — between  1,035  and  1,SC4;  they  therefore  are  not  constant. 

If  they  were  constant,  sinCD  T^  —  R  is  equal  to  the  speciflc  reiistancfc 

p  p  r* 

and  E  —    ~-r-~  for  a  wire  of  unit  section  is  equal  to  the  modnlns  of  elasticity, 

I  then  ;  B  •  — - — ;  that  is,  the  increments  of  resistance  o(  a  wire  heated  at  one 

point  through  1°  are  inversely  proportional  to  the  elongations  produced  by  a 
certain  load  in  various  wires  of  equal  initial  length. 


I. 


Dr.  O.   PROLICH— THEORY  OP  THE  DYNAMO  MACHINE.     PAET  U. 
COUruUXD  WINDENO  FOE  CONSTANT  E.M.F, 

[SliklniiKhnUeht  Zeitachnft,  Yal.  6,  Pt.  4,jj.  139,  April,  168B.) 

BiDce  the  appearance  of  the  Brst  part  of  this  paper  I  have  arrived  at  a  mle 

according  (c  which  any  dynamo  muchinc  should  be  wound  bo  as  to  give  the 
greatest  possible  constancy  of  E.M.F.  It  is  ut  once  clear  that  the  most 
important  part  of  the  compound  winding  for  constant  potanlial  is  the  shunt 
■winding,  not  the  series.    The  curve  of  potential  for  a  series  dynamo  riaea 
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rapidly  to  k  mB^mnm,  and  then  falls  more  tlowly;  tbe  eorvo  for  ft  ahnat 
maoUne  rises  always,  ftcd  appToacben  more  and  more  to  on  aijmptote. 

We  draw  for  any  dyoamo  Ihe  curves  uf  the  E.M.F.,  starting  with  tbftt  for 

aimple-Bbunt  winding;  tlien a  series ofcurveiwliich  correspond  loan  incre»sing 
number  of  Beries  windings,  viz.,  m,'  —  OOl,  002,  003,  0'04,  005,  006.  We 
atfame  that  the  space  occupied  by  the  series  winding-  it  alwajs  the  same ;  then 
is  then  a  relation  lj«t«een  the  number  of  tarns  (m,)  and  the  nsistacce  (3)  of  tbe 
aeries  coils,  which  is  8  -.  78-1  ■  m^  :  we  imagine,  therefore,  this  space  first 
filled  with  very  thick  wire,  and  then  with  always  thinner  and  Ihinnet  wire. 

From  Kn  inipeatlon  of  these  ourves  (^iven  in  the  original)  we  see  that  at 
their  commencement  they  rise  witb  an  increasing  number  ol  series  coils  op  to 
a  certain  point  (m,  >  0-03),  and  afterwards  descend;  in  the  later  paths  of  tbe 
curves  there  ia  always  a.  rise  -with  increased  number  of  series  coils,  bm  of  small 
amount.  Further,  it  is  evident  that  the  simple-shuut  curve  rcuchiisifa  m&zi- 
mam  at  infinity,  whilst  the  other  curves  reach  their  maxima  near  the  com- 
mencement ;  this  maximum  for  an  increasing  number  of  turns  always,  however, 
moves  further  from  the  axis  of  Y,  i,«.,  towards  higher  external  resistances. 

If  we  attempt  to  calculate  the  maxima  of  tbe  curves,  we  find  that,  for  the 
least  value  of  the  number  of  serie^j  coils,  the  maximum  remains  at  an  infinite 
diitance,  as  (or  the  curve  of  simple-shunt  winding,  hut  that  from  a  certain 
curve  onwards  the  maximum  occurs  at  the  commeucement. 

The  potential  at  the  terminals  for  both  kinds  uf  compound  winding  (ihimt 
paralle!  to  armature,  and  shunt  pandlel  to  outer  circuit]  can  be  expreswdby 
the  formula 

P         A        ^  B         ^ 

where  jS  incri^asea  with  an  increasing  number  of  series  coils,  and  becomes  nil 
for  aimple-shont  winding. 

IS  B  -^  0,  i.e.,  in  the  case  of  a  timple-sbunt  vinding,  tho  maximnin  t«Iiu 
of  P  is  reached  only  when  the  outer  resistance  (It)  becomes  infinitely  gmt. 

Even,  however,  if  the  series  coils  have  a  value,  the  maximum  is  still  at 

infinity,  so  long  as  3  <  n  -g. 

If  3  —  a -g.  then  we  have  the  limiting  curve,  vhich  slilt  has  its  maximimi 

at  infinity ;  but  if  £  >.  a  ^,  then  the  maximnin  ocean  at  the  commencement 

of  the  curve. 

The  limiting  curve  is  that  one  which  most  neatly  approximates  to  « 
straight  line.  It  will  be  preferable  to  choose  the  number  of  series  windings 
somewhat  greater  than  for  the  limiting  curvf,  in  order  to  exaggerate  the  firat 
part  of  the  ourve ;  this  increase  mnsl,  however,  be  very  small. 

U  P  is  a  maximum  with  respect  to  B,  tlien,  if  B'  is  the  value  of  R  correa- 
ponding  to  this  maximum, 

^^  -         .  -  _  B-  ^        - 


d  H  (ill  ■»•  o)>  (H'  +   B)' 


■  Ths  ijBkbgle  bait  tbe  lamtmBuUniE  u  in  tli>  Silt  put  gf  ilis  papa. 
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This  equation  can  onl;  be  solved  for  B'  —  n,  if^  "  o,  &iul  so  Iodbm 


U  B  »  a  jj,  we 

have 

A  a                        A  a 

"         (Ui   +   «)'         (Ki    +   pf  • 

or,  dividing  by  A  b. 

aBl(fl-a)  +fl>_^_ 

*      C^'  +  «J'  (-"'  +  »/  ' 

and,  flii&ll]'. 

(fl-«).  2«'  *-  +  « 


Tbii  eqaatioQ  alw)  is  only  BoWsd  for  Hi  —   oc. 

If,  however,  B  is  lomewbat  larger  than  a  j,;   for    iostaiice,  fl  —  a  «  +  f, 
we  obtain 

(fl  -  b)  Ca  E'  +  »  +  fl>  -  I  (El  +  ey 


This  equation  can  be  Eolreil  for  finite  values  ol  Bi,  as  well  as  for  B'  -  od  ; 
the  former  correspond  to  the  maximum  a.t  the  commeDccQieut  of  the  curve, 
the  latter  to  its  asymptotic  path. 

The  limiting  curve  is  therefore  determined  by  the  condition 

B"t  W 

and  if  we  eboose  the  number  of  series  coils  somewhat  larger  than  the  valae 
given  by  this  condition,  wb  shall  obtain  that  curve  for  the  potential  at  the 
terminals  which  most  nearly  approximates  to  a  straight  line. 
If  the  ahont  coils  are  parallel  to  the  armature, 

m, 
'"r 

and  the  expression  f«r  the  limiting  curve  becomes 

m. 


I  +  a  ^ 

If  the  shunt  coils  are  parallel  to  the  outer  circuit, 

*"» 

A  -/«!  B  -         '' 


(!> 


m,  +  mi  ' 
and  therefore 

m,  f  V 


(3) 


The  above  formulw  (2  and  3)  contain  all  the  elements  which  have  any 
effect  on  the  working  of  the  dynamo— the  speed  (v),  the  armature  constant  {f), 
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Lbe  resiiMnce  of  tbe  annatiire  (a),  of  tba  Mriei  winding  («),  of  tliA  thont 

wioiling  (p),  aud  the  Dumber  o!  turns  on  both  (n',,  inp). 

The  practical  application  of  tlie  a1>ove  [ormulse  to  tlie  detenninfttloii  of 
the  best  kind  of  winding  lb  the  foUowing; — 

1.  Firat  a  suitable  ihunt  winding  is  fonnd,  and  by  mean*  of  thi*,  witliODt 

anj  ■eries  winding,  the  anuature  Talue  /  u  and  the  electro-magnet  valoe  — 
are  determined. 

From  tlje  present  point  of  view  it  is  only  deiirable  that  (a)  at  a.  (Uitable 
speed  tliiawinding  should  give  the  requisite  paten tial  un  open  circuit;  (bjthevalim 

^should  only  be  a  frftctionfat  most  1)  of  the  valae  fv.    Fortlia  prcamt 

'"p 

purpose  also  we  need  not  consider  the  energy  absorbeil  and  the  heat  produced 

in  this  winding.    In  order  to  detennine  the  quantities  /tand  —  wittt  Uie 

limple-shunt  windijig.    several   treats  are  made  on  open  circuit  at  varyicig 
Bpeedi.    We  then  have  the  limple  formula 

Pp   =  /«   _  Jl 
(the  quantity  -can  be  neglected  bs  small  in  compariion  to  1),      Tbe  vaJuet 

of  Pp  are  drawn  at  ordinateB,  the  ipeedi  as  abacisan,  and  the  straight  Une 

drawn  which  best  agrees  with  the  oltserved  values ;   from  any  two  point*  in 

this  line  we  con  Ihen  obtain  /  v  and  — , 

3.  Having  found  a  suitable  shunt  winding,  an  experimental  series  winding 
is  adiled,  and  some  experiments  made  at  the  same  speed  us  bi^fon.',  but  with  less 
re»i«tanca  in  the  outer  circuit,  and  therefore  with  a  larger  current,  and  the 
number  of  lurns  (m,)  dut«rmined  from  the  experiment,  as  well  as  the  values  of 
the  resistances  n,  i,  and  p.  For  itutance,  if  the  shant  windings  are  parallel  to 
the  armature, 

„,  „  _  _r  (B  +  .,  +  _,„_j^,^a^,i' 

of  ooune  the  mean  value  of  m,  found  from  several  experiments  would  be  Uiken. 

8.  If  m,' and  s  for  the  eiperimeutal  winding  are  known,  the  relation 
between  nt,  and  i  is  flied,  and  introduced  into  the  equations  (2)  and  (3),  and 
ft  series  winding  corresponding  to  tliu  limiting  curve  is  calculated;  for  the 
actual  series  windings  to  be  put  on  the  machine  wa  then  choose  a  sonMwhal 
higher  number. 

The  connection  between  m,  and  t  is  a  mall*r  of  choice.  We  can,  as  above, 
consider  the  space  to  lie  tilled  by  the  series  windings  as  constant,  so  that 


or  we  may  take  the  sectional  area  of  the  wire  as  oonttanl,  so  that 
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I  Dr.    H.    HAMMBBI.— BEHAVIOUB   OP    niNG    MAGNETS 

VABIOXTSLT   WOUND. 

»(£UUf«eMAniMh«  Z»itichrift,  Vol.  G,  Ho.  9,  Sept.,  188S,  p.  376,  and  \o.  10.  Oct., 
1886,  p.  474.) 

The  atreiigth  of  the  temporBty  nmgDetiam  in  the  ring  -wiu  meaiared  bj 
the  carreot  iniluced  in  a  coil  which  aurrovinded  it,  tho  ring  heing  rotated  on 
an  ordinary  whirling  table  throttgb  180°,  through  the  fixed  coil. 

The  flrtt  experiments  nerc  made  with  two  soft  iron  rlngt  13  em.  in 
diameter  inside,  both  being  woond  througbuuC  with  a  continuone  helix  of 
wire.  Tbongh  both  were  identical  in  shape,  size,  and  weight,  and  had  the 
same  number  of  turns,  and  were  excited  fcy  the  same  current,  it  was  found 
that  one  (A)  was  always  less  powerfnl  than  the  other  (G)  for  all  the  current 
strengths  employed. 

The  ring  A  having  had  its  permanent  magnetism  entirely  destroyed,  wa« 
then  wound  with  only  two  coils,  diametrically  opposite  anil  constsLlng  of  t, 
few  torus  of  wire,  each  coil  occupying  J^  at  tlie  entire  circumference  of  the 
ring,  and  the  two  being  joined  up  parallel.  On  domparisan  with  the  ring  Q, 
which  had  not  been  altered,  it  was  found  that  the  new  winding  produced, 
for  the  same  magaetiiing  force,  twice  tbe  magnetism  in  A  which  the  old 
winding  produced  in  G. 

The  next  point  was  to  vary  the  breadth  of  tlie  two  coU»  on  rin^  A, 
when  it  waa  found  that  tbe  wider  the  coil  the  less  the  temporary  magnelism, 
and  that  the  more  the  windings  are  arranged  in  diametricully  opposite  coils, 
as  in  the  Gramme  helix,  the  greater  ia  the  temporary  magnetiim.  This 
remit  is  also  shown  graphically  by  figures  of  the  lines  of  forcei  produced  by 
both  kinds  of  winding,  as  shown  by  iron  fllingl. 

Tlie  author  then  studied  the  behaviour  of  a  ring  with  seyeral  pair*  of 
coils,  arranged  round  the  ring  at  ei^ual  dislonces  .npart,  and  found  that  with 
the  same  magnetising  force  the  ring  alwaya  receives  a  smaller  magnetic 
moment  the  greatj>r  the  number  of  pairs  of  coils  connected  up,  since  several 
pairs  of  coils  act  in  the  some  way  a*  one  pair  of  greater  width. 

If  the  pairs  of  coils  are  successively  shunted  into  the  circuit,  bat  the 
current  is  kept  constant — for  ejiaiupie,  by  taking  out  corresponding  resistances 
in  the  external  circuit — the  magnetising  force  will  increase  proportionately 
to  the  number  of  pairs.  In  this  case  the  tempjrary  magnetism  of  the  ring 
will  always  increase,  but  each  time  by  a  smaller  quantity,  for  each  Increase 
in  the  numbiir  of  pain  of  coils  in  action.  Not  only  the  magnetising  force 
is  alterad,  but  with  it  the  width  of  the  coils.  If,  however,  the  magnetising 
foKo  is  kept  onnatant,  then  for  every  pair  of  coils  addeil  the  magnetism 
diminishes,  since  this  is  the  same  thing  as  adding  to  tbe  width  of  the  coil, 

In  an  experiment  in  which  the  pairs  of  coils  were  successively  intro- 
duced into  the  circuit  from  one  up  to  sis,  but  connected  up  parallel,  a 
nutxiaam  magnetic  moment  was  produced  with  three  pairs  of  coils,  after 
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which  the   mbgnetie  moment  fall  oB,  although   the    magnetinDg    power 
increased. 

The  author  has  made  further  researches  by  altering  the  poaitione  ol  the 
pairs  of  coils,  And  by  uaing  three  or  nine  coili,  the  mult*  of  which  are  girca 

ID  tables  and  iliagrama. 


AKON.— ELECIBIOALLT-WOaEED   CLUTCH   FOE    BHAS'TS. 

(Elt<^ottchni$che  ZtiUchrif*,  701.6,  No.  11.  Nov.,  lS85,p.  497.) 
The  aiDxngeiiieiit  can  be  adapted  lo  any  form  of  mechanical  clatcb,  aDi) 
ii  intended  to  be  uied  in  caaes  where  it  is  doirable  to  release  the  olttteh  tram  ■ 
distance. 

To  the  lever  which  throws  the  clutch  in  or  ont  ut  gear  u>  attached  a  roil, 
the  uther  end  of  which  is  fi.ved  tti  a,  pin  on  the  periphery  of  a  dijc.  The  ditc 
turns  on  a  ceutral  pivot,  and  a  strong  spiral  spring,  attBcLed  at  one  end  to  ib« 
rod  and  at  tbe  other  to  a  point  on  [he  periphery  of  tint  diic,  t«iidi  to  bring 
this  point  of  attachment  over  towardt  the  rod,  and  in  lo  doing  actuate*  the 
lever  wcrking  the  clutch. 

The  disc  in  rotated  by  hand  through  a  certain  angle,  wbereb?  the  ipirat 
spring  is  stretched ;  and  it  is  helil  in  this  position  by  an  arraogemeot  ol  leven 
and  clicks  iDxide  the  apparatus,  which  also  cantnins  an  clectro-magnei.  On 
passing  a  current  through  this  eU'ctro-magDel  the  armatura  is  attracted, 
releasing  thu  clicks  and  levers,  and  allowing  tbe  spiral  spring  to  contract  and 
to  work  the  main  lever  of  the  dutch. 


a.  S.  JENUUT— BALATA  AND  TEE  BALATA  INDDSTBY  IS  BBITISH 

GUIANA. 
{Report  to  QnvmmtnL) 

That  part  of  Ouiana  between  t1ie  Berbice  and  Corentyne  rivers  is  drmintd 
by  the  Cnnje,  and  is  a  low  alluvial  forest  region,  abouniiiiig  in  the  bullct-tice 
as  well  as  other  rubber  and  gutta  trei^s.  On  the  banks  of  this  Canje  river 
the  industry  of  hntata  coUecting  has  grown  up  during  the  last  25  yean. 

Balata  is  obtaineil  from  the  bark  of  the  bullet-tree  (Vimuii^if  batata),  of  the 
order  Sapotaeea,  to  which  also  belong  the  Dichvpsii  giilta  and  several  other 
gutta-percha  trees  of  the  Mnlayan  Archipelago,  which  are  the  principal  aourca 
of  tbe  present  market  supply  of  gutta.  The  bullet-tree  does  not  inhabit  the 
higher  ground,  but  Bourishes  in  tlie  lowlands,  reaching  at  maturiljr  a  height  of 
120  ft.,  with  large  head  and  a  cylindrical  trunk  60  to  70  ft.  long  and  4  to  6  tL 
in  diameter.  The  wood  has  a  reddish  tinge,  and  is  one  of  the  hardest  and 
densest  in  tbe  colony,  weighing  SO  lb«.  to  the  cubic  foot.  It  is  very  durable, 
useful,  and  obtainable  iu  scantlings  3  ft.  6  in.  square ;  but  tbe  largest  now  cat 
square  at)out  30  in.,  being  fiO  to  60  ft.  long,  and  used  tor  the  foundationi  ef 
huildingB  and  machinery  on  the  sugar  eitales.  Tbe  bark  consists  of  thise 
jjrijnnry  layers;  the  outer  ^a'jevw  iatV.'\jTii'«T,\?i^x4a'ad.dc^;  the next.Ttsiiftll;^ 
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mach  thicker,   is  spongy   In   tiune    and   lactiferoui,  of  a  reddjah  rnw-beef 
colour,  and  yielde  the   balata  milk ;    whiUt  the  imner  oni)    is   thin,  mora 
ligneou!,    of    a   brown    wood    colour,    and    with    f^wer    lactiferous   Teste! s. 
To  gat  Ihe   milk   the  bullet-tree   is    tapped   by   cutting   narrow    V-ihaped 
ntunnels   in  the  bark ;  with  care,  tbia  may   be  done  on  oppoiite  aides  of  a 
tree   every  alternate  year    without    inflicting    any    permanent  injury.      A 
tree   15   to  20  in.  in   diameter  bled   6  ft.   high  will  yield  three   pinta,  and 
twice  di  much  when  also  bled  higher  up.     When  felled,  a  trunk  40  ft.   long, 
that  would  square   13   to   IS   in.,  would   give   about  two   gallons   of  milk; 
whilst  a  young  tree  1  ft.  diameter  will  yield  a  gallon ;  the  largest  and   heit 
yielding  tteei  give  four  or  five   gallons.      Hollow  trees   yield   batter  than 
sound  ones.     It  not  collected  at  time  of  felling,  the  milk  will  Bicend  to  the 
branches,  leaving  the  bark  quite  dry  after  one  day,  untesa  a  ring  be  cut  round 
the  truck.    When  collected,  the  milk  may  be  kept  for  daya,  and  ia  dried  in 
shallon  wooden  tniya  by  the  agents  at  the  settlements  along  the  rivar.    Ai  the 
upper  layers  form  a  crust  j  in.  it  is  hung;  up  to  drip  and  dry.     One  gallon 
balatA  milk  weighs  about  10  lbs.,  and  on  drying  yields  4to  G  lbs,  of  pure  batata. 
In  a  fairly  good  sample  of  balata  milk,  100  parts  by  weight  contained — water, 
89-04;  halata,  GO-31 ;  mineral  matter,  O'05,     The  milk  is  da/zlingly  white,  and 
in  drying  by  evaporation,  exposed  to  the  air,  it  luma  dark  brown  eiteraally, 
hut  when  precipitated  by  apirits of  wine  it  remainswhile.althoughit  is  not 
BO  good.    As  at  present  carried  out,  drying  by  evaporation  is  a  slow  and  tedious 
operation.    Some  quicker  system  is  very  desirable.    The  best,  on  a  small  scale, 
is  to  dry  in  lea-len  trays  by  means  of  stvam  at  100°  C.    Slilk  of  specific  gravity 
0-99SB  yielded  60'lg  per  cent,  solid  matter  forming  balata  gam,  and  O'U  per 
cent,  minaral.    The  ordinary  gum,  prepared  by  evaporation,  contains  about 
13  per  cenl.   foreign  solid  matter.     Three  samples  of   bark — lit,  from   tree 
where  tapped,  contained  C93  per  cent,  gum;  the  2nd,  from  tree  no[  tapped, 
l^ave    9']9    per   cent.;    and    3rd,   from    a  tree    H   days  after  being   felled, 
contained  10-80  pur  cent.  gum.    The  ooUectora  get  four  shillingB  per  gallon  tor 
pure  milk,  and  the  market  price  of  clean,  well-drjed  balata  is  about  la.  per  lb. 
With  lair  weather  a  man  can  earn  from  onot«  Ave  dollars  a  day  collecting  milk. 
Balata    ia   intermediate  in   character  between   india-rubber  and  gutta. 
percba.    It  combines  the  properties  of  both  theau  materials,  and  ia  as  good  as 
the  best  combination  of  them.    It  is  very  strong  and  does  not  stretch  much 
under  tension,  and  hence  makes  excellent  bands  for  machinery.    According  to 
Dr.  Hugo  Muller,  F.B.8,,  although  probably  identical  in  chemical  composition, 
balata  and  gutta. percha  are  distinctly  diff'erent  in  physical  character.    Ba1ot» 
ia  softer  at  ordmary  temperatures,  and  not  so  rigid  in  Ihe  cold.    When  exposed 
to  the  influence  of    the  atmosphere,  light  and    air,   gutta-percha   become* 
altered  on  the  surface,  and  the  whole  mass  is  gradually  converted  Into  a  brittle 
resinous  substance ;  whereas  balata   is  but   slowly  acted   upon,  and  remaiui 
supple  and  coherent. 

The  electrical  insulating  quality  of  balata  is  quite  equal  to  that  of 
gutta-percha.  It  ia  clear  tlialintrintically  balata  is  one  of  the  most  valuable 
■abstances  of  the  kind  known,  and  its  want  o{  mccen  it  doe  tA  Uw  V^^OKt'ui 
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limited  and  uncertain  supply,  eo  aa  not  la  enable  any  firm  to  ok  it  on  k  luge 
»o*Ie  anil  inveat  in  the  s["ecittl  macliinerj  required  for  ils  mannfactnrB. 

The  milk  of  other  planti  is  some tjmeB  collected  and  mixed  with  the  biJaU 
Tuilk.  Of  thesL'  the  Toutk-ponj  tree  yields  trae  India -rubber,  wdrth  2b.  Sd.  per  lb.; 
the  BartA-batti  tree  milk  contains  more  water,  aud  the  caoutchouc  gum  oblatned 
from  it  by  STaponitiim  is  tatl  and  sticky,  and  interior  to  batata  j  a  third 
caoutchouc  plant  ib  a  bush  rope  or  climber,  and  is  said  to  yield  »  plentihl 
supply  of  milk  and  very  good  gum. 

The  author  points  out  thu  great  damage  done  to  bnl let- trees  by  caruleu 
tapping,  aa  wtU  as  tlie  wiiiton  destructiDu  of  trees  for  illicit  trade,  the  baUis 
olitoined  bearing  only  a  very  sma])  proportion  to  the  value  of  the  tunbd 
destroyed,  "With  a  view  to  the  better  oooserration  of  lliis  Talnable  timber, 
he  lays  suggestloiis  before  Government  fur  the  new  foitet  law  which  ia  ui  cun- 
temptatioD. 
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